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The Building Construction Science program at Mississippi State University is
undergoing a major curriculum review and revision process in preparation for
accreditation by the American Council for Construction Education (ACCE). This will be
the program’s first attempt at accreditation in its 10-year history. None of the faculty in
the program have ever been through an accreditation – making the process more
challenging. What’s more, the accrediting body recently adopted an outcomes-based
approach to curriculum review that hinges on programs demonstrating student
achievement of 20 different student learning outcomes. These outcomes have been
recognized by many as ambiguous and difficult to define – reducing motivation of
programs and their faculty to move forward with accreditation. This has been the impetus
for this study.
The purpose of this research was to define what the 20 student learning
outcomes mean for the BCS program and identify the program’s effectiveness toward
including the outcomes required for accreditation into their curriculum and assessing
student achievement. The study was conducted in three parts: Defining the 20 outcomes,

mapping outcomes to the curriculum, and identifying assessments used to measure
student achievement of the outcomes. A modified Delphi was used that incorporated the
Nominal Group Technique for initial data gathering and 2 stages of surveys to identify
the most essential learning criteria that define each learning outcome. The Delphi
included a sample of BCS faculty, Alumni, and construction industry members. A
syllabus review of the program’s core construction courses was used to map the
outcomes through the curriculum and identify assessments connected to the intended
outcomes. The results of the inclusion mapping were organized into three categories of
Missing, Adequate, or Overlapping.
The results of the study generated an initial list of 355 learning criteria across the
20 student learning outcomes that were reduced to a final list of 173 criteria identified as
essential to demonstration of student achievement for the learning outcomes. The
curriculum evaluation showed that nearly two-thirds of the learning outcomes are likely
being redundantly included in the curriculum, and about five are missing. Assessments
were shown to be included in all courses but many were difficult to connect to specific
learning outcomes.
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CHAPTER I
INTRODUCTION
After nearly 10 years in operation, the Building Construction Science (BCS)
program at Mississippi State University is beginning a major curriculum review and
revision process. The review and revision is primarily elicited by the program’s desire to
receive accreditation status – one of its’ strategic goals since the program’s beginning in
the fall of 2007. While accreditation is the major driver for the review, it is also
appropriate given the program approaching 10 years in operation. The faculty and
administration recognize it is time for a critical curricular evaluation. However, executing
an evaluation is challenging because the program and its faculty have never gone through
the process. As the faculty member with the most background in curriculum theory I have
taken the lead role in the process. Because a major goal of this evaluation and subsequent
revisions is to position the BCS program for accreditation, those requirements will be a
guiding factor. Given recent changes by the accrediting body, it seems an opportune time
to undertake this task.
In February of 2010 the American Council for Construction Education (ACCE)
established a Task Force to evaluate the organizations approach to program curriculum.
The purpose was to investigate if ACCE wanted to continue with their existing
prescriptive-based curriculum standard or move to an outcomes-based standard (Burt et
al., 2013). After four years of investigation conducted by the task force, the ACCE Board
1

of Trustees officially approved the measure at the ACCE Annual Meeting in July 2014 to
adopt a new outcomes-based accreditation model centered on the concept of “Continuous
Improvement”. Two of the three components - Degree Program Assessment Plan, and
Assessment Implementation Plan - of the continuous improvement model utilized Student
Learning Outcomes (SLOs) as the basis for evaluation (American Council for
Construction Education (ACCE), 2016). SLOs are defined by ACCE in their Document
103 Outcomes Based Standards (OBS) (2016) as “statements that describe the level of
student learning to be achieved prior to graduation and that support the degree program
objectives.” The section goes on to explain that “All degree programs shall provide
evidence to show that graduates from the degree program have met the Learning
Outcomes listed…” (Student Learning Outcomes section, para. 1). While the new
standards encompass a number of changes, it is the previously stated requirement that is
raising major concern by construction educators.
Statement of the Problem
The ability of construction programs to effectively demonstrate achievement of
the SLOs is a major factor in achieving accreditation. Accomplishing such will prove to
be a challenging task. By intention, the student learning outcomes were developed in an
ambiguous format with the purpose of providing flexibility for programs to adapt the
outcomes to their specific mission and goals. As an example of the ambiguity, SLO #18
in Document 103 OBS (2015) requires programs to demonstrate student’s ability to
“Understand the basic principles of sustainable construction” (Section 3.1.5.2). This
SLO can be broken down into three questions. First, what does it mean to “understand”?
Secondly, what constitutes “sustainable construction”? And last, what are the “basic
2

principles”? ACCE has answered the first question through the use of Bloom’s
Taxonomy as a means to clarify the cognitive level of ability for all SLOs. However, the
second and third question are open to anyone’s interpretation. Therein lies the problem –
interpretation of the SLOs can take on a multitude of different forms. This is problematic
when considering accreditation review. In recent ACCE meetings, many construction
educators have raised concern about the high probability for disagreement on
interpretation of the SLOs and the potential impact the disparity could have on program
accreditation.
Accreditation by ACCE involves multiple individuals representing; 1 - the ACCE
accrediting team, and 2 - those representing the program being considered. The
accrediting teams typically include two or three faculty volunteers from other
construction programs and one industry volunteer. As can be imagined, it is possible
these individuals could have different perceptions on what constitutes successful
demonstration for each SLO. To make things worse, the accreditation team volunteers are
continually changing. Every construction program is reviewed by a unique set of team
members; the formation of which is predicated on the availability of faculty and
practitioner volunteers. The number of individuals involved from the perspective of the
construction program can vary greatly – but at a minimum two persons will be
instrumental in interpreting the SLOs – someone representing the head of the program,
and a program accreditation chair.
Accreditation reviews are conducted by ACCE during the fall and spring
semesters of an academic year. On average, there are about 10 different program reviews
done per semester; totaling roughly 20 construction programs reviewed annually. Putting
3

this in perspective, with a minimum average of six individuals involved in one program
accreditation, there is a potential average of about 120 different interpretations of each
SLO in a given year. These potential conflicts will be an ongoing battle given that
participants of any given accreditation change every year.
It is conceivable that the potential conflicts of interpretation will diminish year
over year as problems are identified and solutions developed. However, the length of
time to reach this point is exacerbated due to the number of learning outcomes required to
be met. ACCE has established 13 SLOs required for Associate Degree programs and 20
SLOs to be met by Bachelor Degree programs. This has an exponential impact on the
potential interpretation conflicts; thus making the ability to overcome them over a natural
course of time untenable.
The fallout from this problem has the potential to be catastrophic to ACCE as an
accrediting body for construction education programs. Historically, construction
education programs interested in becoming accredited had only two options to choose
from for accrediting bodies – ACCE and Accrediting Body for Engineering and
Technology (ABET). For most construction programs, ABET was not seen as a viable
option due to its engineering focused criteria. ABET recognized this limitation and in
October of 2015 they formally adopted the first program specific criteria for construction
management at the baccalaureate level (ABET, 2015). ACCE has indicated concerns that
this new development by ABET could threaten ACCE relevance as an accreditor of
construction management programs. If accreditation by ACCE begins to be perceived as
a more cumbersome process due to the issue of SLO interpretation, construction
programs may consider the new ABET model as a viable alternative.
4

Purpose of the Study
The purpose of this research is to identify the BCS program’s level of
effectiveness toward including the 20 ACCE student learning outcomes required for
accreditation into their curriculum. This will be organized in a framework by what is
planned, delivered, and received (Figure 1). In the planned area I will be looking at
identification of essential learning criteria associated with each of the 20 SLOs and
related ideal assessments for each. Within the “delivered” section I will be mapping
where the essential criteria are included in the curriculum and identifying assessments
that are actually being used to measure student achievement. Lastly, I will look at what
was actually received by students through analysis of data collected from mapping the
essential learning criteria and assessments used to evaluate student achievement.
Essential learning criteria will be established through identifying what the
construction industry, faculty, and alumni consider essential criteria for each SLO. The
established criteria will provide a foundation of understanding on which assessments can
be identified and evaluated for validity in collecting data on student performance. Student
performance data can then be analyzed from assessments that were identified as valid,
and subsequent inferences made on achievement toward the SLOs. This will provide a
reproducible model for a systematic, efficient, and meaningful process of curriculum
review that clearly demonstrates to faculty, administrators, and members of the
accrediting body, the BCS program’s effectiveness in continuous program improvement
aimed at providing the highest level of learning possible.

5

Figure 1.

Organizational framework for curriculum review process.

Research Questions/Hypotheses
1. What are the learning criteria that establish essential competencies required by BCS
graduates, and define requirements for achievement of the ACCE student learning
outcomes for accreditation?
2. Where are the essential learning criteria being included in the curriculum and how are
they being assessed for achievement?
3. What are the current weaknesses in the curriculum toward meeting the essential criteria
that inform proposed actions toward continuous program improvement?
Significance of the Study
The concerns of ambiguity in the newly adopted ACCE student learning
outcomes are significant to construction education. In January 2016, the new standards
6

became a requirement for all programs seeking accreditation by the organization (ACCE,
2014b). Establishing further clarification of the SLOs and a methodology for doing such
will be important to the future of outcomes-based accreditation in construction education.
This research is expected to benefit programs accredited by ACCE through expanding
understanding about how to more clearly define the required SLOs. The methodology
and results could be used by other programs as a means to more clearly define how they
will assess and demonstrate student performance of each outcome. As well, this research
could provide a foundation for potential adoption of standard definitions for each student
learning outcome. This is a significant contribution to the construction education
community given ACCE is arguably the largest accrediting body for construction
education programs in the United States. To date, ACCE has 75 Baccalaureate Degree
programs accredited, and 13 in candidate status (ACCE Programs, 2015).
Notwithstanding some outliers, this represents about 65% of four-year construction
education programs in the United States as identified by the Associated Schools of
Construction (2015). Historically, construction programs interested in accreditation had
only two options. However, recently another accrediting body has become available for
construction education and this could threaten ACCE relevance. If accreditation by
ACCE is perceived as more cumbersome due to the issue of SLO interpretation,
construction programs may seek accreditation elsewhere. This study can help provide a
resource for eliminating that threat and allowing ACCE to remain relevant as a leading
construction education accreditor. Beyond construction education, this research will serve
to further the body of knowledge on outcomes-based assessment as a whole. In particular,
the research will contribute to the body of knowledge for other disciplines more closely
7

associated with construction that also utilize outcomes-based assessment - namely
engineering and architecture.
Delimitations
This study will focus only on the 20 SLOs as identified by ACCE for
accreditation of Bachelor Degree programs. The reason for this is two-fold. To start, the
BCS program at Mississippi State University is a Bachelor Degree program so the
research will directly relate to the programs efforts toward accreditation. Secondly there
is some overlap of SLOs across the Bachelor and Associate programs (Figure 2).
Delimiting the study to these 20 SLOs will make the research more manageable while
also creating some benefit to furthering the understanding for SLO requirements of
Associate Degree programs.
The sample population for this study will be restricted at two different stages.
Participants for the first stage will include individuals related to the BCS program at
Mississippi State University, namely faculty, administration, recently graduated alumni
(within the last five years), and Industry Advisory Board (IAB) members. These
individuals have the most intimate understanding of the pedagogical format, mission, and
goals of the program. As well, the alumni and IAB members will provide the most
relevant feedback on the performance criteria needed by graduates entering the
workforce. Faculty and administration of the program understand the content currently
being covered and have a heightened sense of emerging industry trends. Alumni can
provide a critical perspective of the gaps between what they learned in the program and
skills needed in their jobs. The IAB members represent the organizations that hire the
majority of students graduating from the BCS program. They will provide crucial
8

information toward understanding performance criteria that they seek from the BCS
graduates they hire. Given the purpose of this study, the feedback received

Figure 2.
Comparison of ACCE SLO requirements between bachelor and associate
degree programs. The left column identifies the organization of SLOs for Bachelor
9

degree programs by Bloom’s Taxonomy level of cognitive ability and the far right
column identifies the required ACCE SLOs for associate degree programs and how they
relate to SLOs for Bachelor degree programs.
by the IAB members is more beneficial at the early stage of the study than data collected
from a larger population. While a larger sample improves generalizability, the larger
sample could potentially result in skewing the internal validity for some or all of the
SLOs. Performance criteria identified as critical to an SLO by a sample of the BCS IAB
members may not be identified as critical to an SLO by a larger sample population and
therefore removed from consideration. In this case, critical performance criteria would be
inadvertently left out, thus creating an inaccurate representation of the SLO specific to
the BCS program needs. However, a broader sample would increase the external validity
and clarify potential variance of critical values identified between the BCS IAB and the
general industry population. While it is important to appeal to the immediate needs of the
industry that hires our graduates it is also important to consider expanding the reach of
our program graduates. Recognizing this, the last round of the study will include a larger
sample population of construction professionals and educators from the southeast region
of the United States.
Limitations
The results of this research will not guarantee the elimination of potential
disagreement among individuals on the interpretation of the SLOs. It is plausible and
likely that there will be disagreement as to the validity of the established performance
indicators resulting from the study. This is especially likely considering the delimitation
of the sample population. One could argue the established performance indicators are not
valid because the results are not generalizable beyond the state of Mississippi and
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therefore are not an accurate representation of the SLOs that apply to construction
education programs across the nation. In this vein, it could also be argued that the study
creates an assessment framework that is too restrictively focused, thereby limiting the
capabilities and professional opportunities of the students.
Definition of Terms
“Candidate Status” is a term used by ACCE to describe construction education
programs that have submitted an application indicating that they are interested in
becoming accredited by the organization.
Course Learning Outcomes (CLO). Course learning outcomes are defined by
ACCE in their document 103 OBS in Section 1 under definitions as “Learning Outcomes
identified for a single course”.
Theoretical Framework
This section will serve to explain how the ACCE criteria are focused on a holistic
approach to delivering construction education and not just a set of student learning
outcomes. For this reason, the theory by which this research is developed is based on the
idea that in order to provide a holistic approach (continuous improvement) learning goals
and aligned assessments need to be clarified and reviewed because these are the
foundation for optimizing educational experiences. After establishing the basis for
reasoning based on the ACCE viewpoint then I will demonstrate how goal setting theory
and curriculum theory frame the approach of clarifying learning goals first so that
assessments can then be identified and reviewed.
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Accreditation Emphasis on Continuous Improvement
The overall objective of the outcomes-based framework for accreditation by the
American Council for Construction Education is “continuous improvement” (ACCE,
2016a). Continuous improvement is recognized as the ability for a program to
demonstrate: their planned curriculum, a collection of evidence of what was actually
delivered, and finally an analysis of that evidence to determine what students received.
Closing the loop in the “continuous improvement” cycle is the programs proposed actions
based on results of what students received.
The elements of the continuous improvement cycle are to be developed and
executed with the 20 ACCE student-learning outcomes as the foundation. Ultimately,
ACCE’s intent is to encourage programs to develop the most effective learning
environments possible in order to develop the most prepared graduates entering the
construction profession. The level of each program’s success is demonstrated through
student achievement of the learning goals identified in each of the 20 student learning
outcomes. In this vein, one could argue the approach adopted by ACCE to evaluate a
programs curriculum is situated on the theory of goal-setting. It is this theory that will
guide the approach to this study.
Goal-Setting Theory
Goal setting is a theory conceived by industrial psychologist Locke in the 1960’s
on the premise that goal specificity has a direct influence on a person’s performance. The
theory manifested from his doctoral dissertation that focused on how the level of intended
achievement had an effect on the level of actual achievement. Research on the theory
over the last 40 years by Locke, Latham, and Bryan (1966, 1967, 1990, 2002, 2006) has
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identified a number of factors that contribute to how goal setting influences performance
outcomes both positively and negatively. In particular, the research identifies goal clarity,
goal difficulty, requisite knowledge, feedback, and self-efficacy as key factors having an
influence on the level of performance outcome. While goal-setting theory is rooted in the
business world, Locke and Latham (2002) argue that it is transferable to many
disciplines, including education.
Goal-Setting (Justification for Specifying Goals)
The key element of goal-setting theory hypothesized by Locke and Bryan (1967)
was that specifically identified goals or performance standards would have a positive
effect on an individual’s performance. Studies conducted since then provide evidence to
support their hypothesis. A meta-analysis conducted by Tubbs (1986) on 48 different
studies showed that goal specificity led to higher achievement. Similarly, Graham and
Perin (2007) found that “setting product goals” showed an increase in student writing
performance by an effect size of 0.70. Others in the field of education acknowledge the
connection between goals and performance by suggesting that clear learning goals are a
staple for effective teaching & learning (Marzano, 2009). Goal clarity increases a
student’s awareness of learning expectations (Anderson & Krathwohl, 2001), helps
teachers develop instructional methods to support learning (Darling-Hammond, 2005),
and aid in identifying appropriate assessment methods to evaluate student performance
(Wiggins & McTighe, 2005). In their meta-analysis, Wood, Mento, & Locke, (1987) note
that “Goal setting has been shown to have positive performance effects on tasks of
varying complexity, from simple brainstorming tasks (Locke, 1967), to college
coursework (Locke & Bryan, 1968), to complex scientific work (Latham, Mitchell, &
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Dossett, 1978).” (p. 417). While research shows that establishing clear goals has a
positive impact on performance, this is not always the case.
Goal Difficulty (Goal Setting & Educational Psychology)
Studies looking at goal difficulty have indicated a relationship between the level
of goal difficulty and performance. Goal-setting theory indicates that when the difficulty
of the goal goes up, employee performance goes up. A study conducted by Chidester and
Grisby (1984) indicated that harder goals lead to better performance. Conversely, when
the difficulty of the goal decreases so does employee performance. However, Atkinson
(1958) suggested the relationship between task complexity and performance follows a
curvilinear pattern. This suggests a tipping point at which performance falls off when the
goal becomes too difficult. Erez and Zidon (1984), follow a similar sentiment, citing that
performance only levels off or decreases when the limits of ability are reached or
commitment to the task is compromised. While these studies were related to adults in a
working environment, these findings bear similar resemblance to Vygotsky’s (1978)
Zone of Proximal Development (ZPD) in adolescent development. His theory suggests
that there is an ideal point at which cognitive development is optimized by pushing the
boundaries of difficulty – if the learning task for a student is too difficult then effort will
stop because the goal is perceived by the student as impossible to achieve. Likewise if the
task is perceived as too simple then maximal effort will not be given, thereby reducing
growth potential. Therefore, learning goals that will be used as the foundation for
curriculum development should give attention to identifying a level of difficulty that will
optimize student performance. Clarity of goals and the level of difficulty alone is not
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enough to facilitate optimum performance however. Individuals need feedback about
their performance.
Feedback (Goal Setting & Curriculum Theory)
Locke and Bryan’s (1966) research on goal setting found that knowledge of
results - or feedback - has a positive effect on an individual’s work output when
combined with goal setting. Research in education has found similar results. Even if a
goal is clearly identified, an individual will likely not perform to their highest ability if
they don’t know how they are progressing toward the goal. Research has shown that if
participants are aware that they are falling short of a goal then they will increase
performance or try a different strategy. In many cases someone may clearly recognize
what the goal is, but understanding how they are performing towards achievement of that
goal is not always straightforward. However in the absence of clear goals, feedback on
performance does not contribute to work output (Locke & Bryan, 1966). This assertion is
also recognized in the area of curriculum theory.
Assessment, the common form of feedback in education, is recognized as an
integral part of the learning process (Shepard, Hammerness, Darling-Hammond, & Rust,
2005). In its various forms, assessment provides students the feedback to understand how
they are progressing toward the intended learning goal. However, in order for
assessments to be effective they must be appropriately aligned with the intended learning.
Assessments that don’t appropriately align with the identified goal provide inconsistent
feedback - which creates confusion and becomes counterproductive. Locke and Latham
(2006) indicate that reliability of results in goal setting theory is most often compromised
when the performance measure does not align with the identified goal. The same is true
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with educational assessments. Shepard et al. (2005) assert that assessments cannot
promote learning if their tasks or questions divert attention from the intended learning.
This is true not only for students, but also for teachers.
Effective Instruction
A big part of creating effective learning environments hinges on the assessments
teachers use. In the Understanding by Design framework, Wiggins and McTighe (2005)
identify assessment as the next critical element after identification of learning goals.
Once we know what the goals are we can then identify the tools that will demonstrate
achievement of those goals. However, there is a catch to both of these scenarios. Optimal
performance in achievement of these goals cannot be attained without the necessary
requisite knowledge (Darling-Hammond, 2005; Locke & Latham, 2006; Marzano, 2009).
In the learning environment this is where clear goals and appropriately aligned
assessments influence effective instruction.
When a teacher clearly recognizes the goals and how they will be assessed,
appropriate instructional strategies can be developed that will provide the requisite
knowledge needed to successfully achieve the goals. The most effective instructional
approaches will employ differentiated strategies to take into account diversity of learners.
Not all individuals process information and learn the same ways, therefore effort to
appeal to various types of learning is critical. Failing to recognize this can drastically
affect someone’s performance. Goal-setting theory identifies this factor as self-efficacy,
or a person’s own level of confidence in their abilities (Bandura, 1997). If a person’s
belief in their self to achieve a specific goal is low then their performance goes down.
Conversely, if their self-efficacy is high then performance increases, i.e. I have
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confidence in myself that I can achieve this goal and therefore I am going to try harder.
Research has shown that self-efficacy can be increased through support. In education this
can be done through differentiated instructional strategies such as teacher-centered,
learner-centered, and community-centered learning environments.
While goal setting theory originated in the business world looking at how goals
impact work performance on the job, a number of the identified factors associated with
the theory can be linked to other disciplines. In their publication looking back on 35 years
of research on the theory, Locke and Latham (2006) recognize scholars that have applied
the theory to other disciplines such as sports. In their book, A Theory of Goal Setting and
Task Performance, they suggest that the theory is applicable to, and should be used in
education (Locke & Latham, 1990). When examining key factors of goal-setting theory
(goal clarity, goal difficulty, feedback, requisite knowledge, and self-efficacy)
connections can be made with many of the tenets of effective education: Clearly defined
learning objectives (Bloom, 1956; Marzano, 2009) at the optimal level of difficulty
(Vygotsky, 1974), continuous feedback through aligned assessments (Anderson &
Krathwohl, 2001; Wiggins & McTighe, 2005), instructional strategies that provide access
to needed knowledge and promote a supportive learning environment (DarlingHammond, 2005). Recognizing these connections it is clear that goal setting theory –
whether intentional or not – has an influence on curriculum development, assessment,
and effective instruction. These will form the framework for the direction of this study.
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CHAPTER II
LITERATURE REVIEW
Curriculum Theory/Effective Instruction
Since its inception in 2007, the curricular vision for the BCS program has
recognized the holistic perspective of the term curriculum. In some respect the
development of the program focused more on elements of the hidden curriculum related
to the overall student learning experience (Hidden Curriculum, 2014) as opposed to the
explicit curriculum of the content to be covered (Flinders, Noddings, & Thorntonl,1986).
A great example of this is the project-based learning environment (termed studios) on
which the core of the program is based. Over half of the required subject matter for the
degree is housed within the studio setup. Unlike traditional lecture-type courses, the
studio is a classroom environment that promotes learning by doing. This is facilitated
through the use of cold-desks and four-hour class sessions. The cold-desks provide
students their own personal space for the entire semester and the extended class time
allows for increased contact with classmates and the teacher. This helps build a
community-centered learning environment focused on the students. As well, the projectbased learning approach puts more of the learning in the student’s hands. They have the
ability to explore learning at their pace, utilizing resources more comfortable to their
specific learning styles. Content is delivered in a multitude of ways to promote
differentiated instruction in support of student diversity. In addition, many topics are
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comingled into one studio to promote learning connections across multiple subject
domains.
The studio format is a revolutionary curricular approach for construction
management education. To date, all but one other construction management program in
the country use the traditional approach of lecture style courses. This may seem
counterintuitive when considering the field of construction being such a hands-on, laborintensive profession. However, construction management is a much different aspect of
the construction profession than what most people are familiar. The profession of
construction management has very little to do with the skilled trade aspect of building
things. By its name, construction management focuses on the management of the
construction process relating to coordination, communication, planning, scheduling,
estimating and controlling costs – along with a litany of other business management
aspects. Construction management as a degree offering has really only started to become
more common in the last 30 years. Subsequently, the curricular vision for most programs
has taken more of the traditional higher education approach – with focus on the explicit
and not hidden curriculum.
Certainly, the studio approach used by the BCS program has its merits, as
mentioned previously. However, there are concerns to be considered. Studio-based
instruction draws its roots from architecture education. It has a proven history in
architecture education but, as previously mentioned, has no precedent in construction
management education. One could argue that the nature of content in architecture - being
heavily design oriented - is dramatically different from construction management.
Accordingly, the studio-format for delivery of construction management content may not
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be the best approach. In some cases, the faculty suspicion that the studio format to deliver
learning may be limiting students repertoire of knowledge and skills. This is worth
reviewing and leads to a key concern of the BCS faculty and administration.
When considering the goals of the program and the ACCE accreditation
requirements related to the student learning outcomes, there are concerns that the content
being covered is inadequate. This is for two reasons. First, faculty and administrators
whose backgrounds were in architecture education originally developed the program’s
curriculum. While this was the impetus for use of the studio format and its associated
benefits, they also established the curriculum content. It is safe to suspect that they were
not the best subject matter experts for identification of essential construction management
content. Second, review of the BCS program goals, and the ACCE student learning
outcome criteria has suggested that BCS students may be falling short. This is expected
to encompass the lion’s share of the curriculum review and anticipated revisions.
The aforementioned concerns will provide the framework for directing the
evaluation. The program has some clear questions based on valid assumptions but no
concrete answers. In order to identify answers to these questions, a needs assessment will
be conducted. The assessment will include three steps: 1) Identifying essential content, 2)
Gaps & overlaps review, and 3) Actions based on results.
The first part of the assessment will be a comprehensive look at the curriculum
content to identify the explicit and null curriculum elements. In other words, what content
is essential to be addressed (explicit) and what content should be excluded (null)
(Flinders et al., 1986). This will be guided by the 20 ACCE SLOs as a basis for
evaluation. ACCE identifies the SLOs as minimum requirements and suggests that
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programs strive to extend beyond them. Furthermore, in order to adequately address the
SLOs, an in depth inquiry is necessary. The SLOs by design are very broad and
ambiguous. An example is SLO #20 “Understand the basic principles of mechanical,
electrical, and piping systems”. To appropriately address this requirement a program
must make clear three things: 1) How do we demonstrate Understanding, 2) What is
considered basic principles, and 3) What areas should be included in mechanical,
electrical, and piping systems. ACCE designed the SLOs this way so that they could be
molded to fit the goals of various program types. As such, it is each programs
responsibility to define what each SLO means to them. Through the process of defining
the SLOs for the BCS program we will identify the essential content to be covered.
After essential content have been identified, a gaps and overlaps analysis can be
performed. The purpose of the analysis is to identify how well the program is doing at
delivering the identified essential learning. To be done comprehensively, we will need to
look at the content being covered and how it is assessed. In other words, is all the
essential identified content being covered in the program? The results may indicate that
all essential content, and then some, has been covered. However, that doesn’t mean the
essential learning is being achieved. In order to confirm this we need to review the
assessments being used and the outcomes from those assessments.
Not all assessments are created equal; different assessment instruments are needed
based on the type of learning sought. The assessment review will look to identify the
level of appropriate assessment use. It is necessary to do this as a first step before looking
at assessment outcomes. If we look at assessment outcomes before reviewing the
assessment instrument, we are likely to get an invalid view of the program’s level of
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achievement toward the goals. In other words, if the assessment being used is not
appropriate to the learning it is trying to measure then the results of the assessment are
invalid. The BCS program may think it is exceeding achievement levels but the
conclusions would be based on false results. Therefore validity review of the assessments
being used is a necessary first step. Once this is clarified, attention can be given to
outcomes of the assessments.
With results obtained from defining essential learning, the assessment review, and
the assessment outcomes, the program can turn to drawing conclusions to the original
question – is student learning and preparedness falling short and if so how. The results
may indicate there is a lack in content coverage or inappropriate use of assessments.
Perhaps all of this is being appropriately addressed but the assessment outcomes indicate
students are not receiving the information as thought. Or, it may turn out that all these
things are inadequate at some level. Regardless, the results will allow the program to
consider where changes need to be made in the curriculum – course content, assessments,
content delivery structure, teacher preparation, student support, or all of the above. With
this, plans can be made for actions to address the shortfalls and successes.
Approaching the needs assessment in this manner will not only provide ability for
the program to make changes, it will also address requirements for accreditation. While
the program has to specifically address the ACCE SLOs for accreditation, the more
important focus of the outcomes model is “continuous program improvement”. Within
the model, ACCE requires programs to continuously evaluate their programs
performance on no more than a 3-year rotating cycle. This means in the course of three
years a program must have evaluated its entire curriculum. Utilizing a structure for the
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needs assessment as proposed will provide a framework to meet this requirement. The
program will be able to critically evaluate its strengths and weaknesses on a regular basis
to make informed action decisions.
Accreditation
A major goal of this curriculum review and subsequent revisions is to position the
BCS program for accreditation. As such, curricular requirements for accreditation by the
ACCE will be a driving factor in this study. Given recent changes by the accrediting
body, it seems an opportune time to undertake this task.
The ACCE is the main accrediting body for construction management education
programs in the United States. To date, ACCE has approximately 75 Baccalaureate
Degree programs accredited, and 13 in candidate status (ACCE Programs, 2016).
Notwithstanding some outliers, this represents about 65% of four-year construction
education programs in the United States as identified by the Associated Schools of
Construction (2015). Historically, ACCE has used a prescriptive format as the curricular
requirement for program accreditation. A program accredited by the organization was
required to identify a minimum number of credit hours for various subject areas such as
estimating, scheduling, materials & methods, and cost accounting - to name a few. In
addition, they were required to provide evidence of appropriate course textbooks and
semester schedules illustrating the topical content to be covered.
Recently, members of ACCE began questioning if their approach to curriculum
evaluation was outdated. In 2010 the organization established a task force to review their
approach to curricular evaluation. After nearly four years, the work of the task force
resulted in ACCE adopting an outcomes-based curricular evaluation model focused on
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the concept of “continuous program improvement” (Burt et al., 2013). The new model is
a more holistic view of curriculum as an overall learning experience (ACCE, 2016a). It
emphasizes acute understanding of a program’s effectiveness to prepare students, rather
than counting credit hours for a given topic, or the type of textbook being employed.
Under the new model, programs are required to demonstrate level of student achievement
for 20 different student-learning outcomes identified by ACCE. Rather than proving
contact hours for a topic, construction management programs have to show the level of
knowledge and skills their students possess for given subjects. The level of knowledge
and skills possessed is a critical element of the model. While the goal is for students to
achieve the highest level possible, ACCE acknowledges that achievement of a particular
level is not the essence of the continuous improvement model. It is more important for
programs to critically evaluate their curriculum to identify where improvements can be
made. If the program fell short of the achievement level, why did they fall short and what
can they do to correct it. Conversely, if they met or exceeded the achievement level, what
can be done to improve upon it? Clarifying and organizing these different achievement
levels was facilitated through the use of Bloom’s Taxonomy.
Taxonomy of Learning
This section will serve to introduce and explain the concept of learning
taxonomies and the role they play in education. After first defining what a taxonomy is
and its purpose, I will explore the history of learning taxonomy to formulate an
understanding of the origin and evolution of different taxonomic versions that have been
developed. The investigation will identify the original Bloom’s Taxonomy as one of the
seminal works in educational advancement over the last sixty-plus years. And more
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recently, the Bloom’s Revised Taxonomy as one of the most recognized works today for
taxonomic educational frameworks. This is important for two reasons. First, the ACCE
SLOs were formulated using Bloom’s Revised Taxonomy. This aspect is justification
enough for the focus on Bloom’s Taxonomy in this research. Despite this, a second and
highly important aspect is that the framework for Bloom’s Taxonomy – and especially
the Revised Taxonomy - provides a foundation for key elements of curricular frameworks
recognized today. This aspect will be highly important in making connections between
the other elements of this literature review.
`

Merriam-Webster (2016) defines Taxonomy as “the study of the general

principles of scientific classification” or “orderly classification of plants and animals
according to their presumed natural relationships”. Similarities are seen in the
Cambridge Dictionary (2016) version “a system for naming and organizing things…into
groups that share similar qualities”. Learning taxonomies have been so named because
they provide a systematic framework for organizing and classifying elements of learning
into such domains as cognitive (Bloom, Engelhart, Hill, Furst, & Krathwohl, 1956),
affective (Krathwohl, Bloom, & Masia, 1964), and psychomotor (Harrow, 1972;
Simpson, 1966).
As the definitions imply, the purpose of a learning taxonomy is to provide a
standard framework of organization by which elements of learning can be more clearly
identified. Bloom’s Taxonomy of Educational Objectives (hereinafter referred to as
“Bloom’s Taxonomy”) developed by Bloom and his colleagues (Bloom et al., 1956) is
arguably the most recognized framework for an organized classification system of
learning (Anderson & Sosniak, 1994). Numerous authors identify Bloom’s Taxonomy as
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one of the most widely recognized tools for defining learning outcomes (Jackson &
Tarhini, 2015; Niazi, 2013; Pappas, Pierrakos, & Nagel, 2013; Savic & Kashef, 2013;
Valcke, Wever, Zhu, & Deed, 2009). Scholars of various academic realms such as
engineering (Thambyah, 2011), technology (Hwang, Chen, & Huang, 2016), healthcare
(Kim, Patel, Uchizono, & Beck, 2012), and architecture (Savic & Kashef, 2013) have
employed the use of Bloom’s Taxonomy for curricular development. In addition, the
taxonomy has been recognized as not only highly influential to education in the U.S.
(Anderson & Sosniak, 1994; Booker, 2008; Krathwohl, Bloom, & Masia, 1964; Kridel,
2010; Shane, 1981), but globally as well (Adams, 2013; Bumen, 2007; Chung, 1994;
Krathwohl, 1994; Lewy & Bathory, 1994; Postlethwaite, 1994).
Boom’s Taxonomy – as it is most commonly known today – originated in 1956
through the publication of the Taxonomy of Educational Objectives, The Classification of
Educational Goals, Handbook I: Cognitive Domain. The publication originated as an
idea by Bloom that a common framework for classifying curricular goals and educational
objectives would be useful in developing universal assessments aligned with objectives
(Kridel, 2010). An informal meeting of college and university examiners in 1948 resulted
in a collaboration. Over the next several years Bloom, along with Engelhart, Hill, Furst,
and Krathwohl developed and published the framework for Handbook I (Kridel, 2010).
While the original handbook only contained a framework for the cognitive domain, the
team conceived, at the onset, that the handbook should ultimately include the affective,
and psychomotor domains (Bloom, 1994). In 1964 the affective domain of the framework
was published (Krathwohl, Bloom, & Masia, 1964). Later, versions of the psychomotor
domain were proposed by Elizabeth Simpson (1966), and another perspective in 1972 by
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Anita Harrow. Almost 50 years later the original taxonomy went under a critical review
and revision process to align with current knowledge about learning, teaching, and
assessing. The result was the revised version, A taxonomy for learning, teaching, and
assessing: A revision of Bloom’s Taxonomy of educational objectives (Anderson &
Krathwohl, 2001).
In its original form, the authors intended for the taxonomy to be adapted and
revised as more was understood about learning and the advancement of teaching practices
(Anderson & Krathwohl, 2001). Bloom further clarified this idea in a memorandum,
stating “Ideally each major field should have its own taxonomy of objectives in its own
language” (Anderson & Krathwohl, 2001, p. XXVII). Bloom’s intention was to clarify
that the original taxonomy was never intended as a one-size-fits all, but rather as a
framework for educators to use in developing their own discipline-specific taxonomy of
learning, teaching, and assessing. The student learning outcomes as developed by ACCE
are a prime example of this type of adaptation (Table 1). They provide a basis of
curricular standard that help guide construction education programs in what students
should know and be able to do.
Table 1
ACCE Student Learning Outcomes Applicable to Bachelor Degree Programs
Upon graduation from an accredited ACCE Bachelor Degree program, a graduate shall
be able to:
1.
2.
3.
4.

Create written communications appropriate to the construction discipline.
Create oral presentations appropriate to the construction discipline.
Create a construction project safety plan.
Create construction project cost estimates.
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Table 1 (Continued)
5. Create construction project schedules.
6. Analyze professional decisions based on ethical principles.
7. Analyze construction documents for planning and management of construction
processes.
8. Analyze methods, materials, and equipment used to construct projects.
9. Apply construction management skills as a member of a multi-disciplinary
team.
10. Apply electronic-based technology to manage the construction process.
11. Apply basic surveying techniques for construction layout and control.
12. Understand different methods of project delivery and the roles and
responsibilities of all constituencies involved in the design and construction
process.
13. Understand construction risk management.
14. Understand construction accounting and cost control.
15. Understand construction quality assurance and control.
16. Understand construction project control processes.
17. Understand the legal implications of contract, common, and regulatory law to
manage a construction project.
18. Understand the basic principles of sustainable construction.
19. Understand the basic principles of structural behavior.
20. Understand the basic principles of mechanical, electrical and piping systems.

Essential Learning
Curricular standards that identify what is expected for students to learn have
become a large part of education today. These standards are seen in frameworks to help
guide education at the national, state, and district levels. In K-12 education, subjectrelated associations such as the National Council for Teachers of Mathematics (NCTM),
and the American National Science Standards typically play a role in defining these
standards. At the post-secondary level, educational standards are typically identified
through accrediting bodies for the specific disciplines such as veterinary medicine,
business, architecture, and engineering - to name a few. In the discipline of construction
management, the ACCE is the accrediting body that identifies learning standards for
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curricular guidance. Criteria that help guide our education systems has its benefits but
there are also challenges.
While guidance on what students should be learning is critical to effective
educational environments (Darling-Hammond, 2005; Pelligrino, Chudowsky, & Glaser,
2001; Tyler, 1949), a common issue identified with most standards is that the identified
content is too much to actually cover. In one study on national and state curriculum
standards for K-12 education, researchers noted that in order to cover the required content
standards under today’s American education system, K-12 education would need to be
extended to Grade level 21 or 22 (Marzano, 2006). A review of the NCTM standards for
math found the requirements are about 175 times and 350 times greater than what is
required by Germany and Japan, respectively (Schmidt, McKnight, & Raizen, 1996).
Further, Darling-Hammond (2005) suggested that it could take students a lifetime to learn
the content identified in standards if they marched through them one by one.
At the post-secondary level, similar issues can be seen. Many of the accrediting
bodies have standards that are so detailed and cumbersome, education programs lose site
of the standard’s intent; they become so focused on simply trying to meet the
accreditation requirements that they forget to look at what the students are actually
learning – or not learning. Other accrediting bodies, such as the ABET, have made
attempts to offset this issue by creating a small number of standards requirements.
However, in doing so they have made them so general and ambiguous that the focus
becomes the question of “what does that even mean”. In their recent adoption of an
outcomes-based framework in 2014, the ACCE has suffered this situation. In their
attempt to develop a set of guiding learning standards that is concise and adaptable to
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program specific goals, they have established 20 SLOs that are very general and vague.
An example of this is ACCE SLO #19 “Understand the basic principles of structural
behavior” (ACCE, 2016a). Standards such as this have left educators and programs
asking questions like: what constitutes “basic principles”, what is meant by “structural
behavior”, and what represents “understanding”.
Regardless of whether curricular standards are so well defined that they contain
hundreds of criteria, or they are so vague that the criteria could be interpreted in hundreds
of different ways, both ends of the spectrum beg the question illustrated by Anderson and
Krathwohl (2001) in A taxonomy for learning, teaching, and assessing: A revision of
Bloom’s Taxonomy of educational objectives, “what is worth learning” (p. 6). In other
words, districts, schools, programs, and teachers need to be able to sift through the
minutia of standards to identify the criteria critical for students to learn. The process for
doing such has been proposed to include: 1) Unpacking the Standards to identify the
benchmarks of knowledge and skill (Ainsworth, 2003; Reeves, 2002), 2) Identify areas
essential for all students to learn, and 3) Organize the criteria into related knowledge and
skills (Marzano, 2006). In their backwards design process, Understanding by Design,
Wiggins and McTighe (2005) suggest the unpacking process should identify three levels
of criteria:
1. Big ideas and core tasks
2. Important to know and do
3. Worth being familiar with
Similarly Krathwohl and Payne (1971) suggest that criteria should be categorized
into three major elements of Global, Educational, and Instructional learning objectives.
30

Global objectives represent the macro level such as state or accreditation standards, while
Instructional objectives are micro-focused toward a specific course or lesson. In the
middle of the spectrum, Educational objectives represent criteria at the district or
program level. Although different, the two constructs suggest similar ideas of an
organization system from general to more specific criteria.
Conducting the process should include a holistic group of individuals that is
representative of the stakeholders impacted by the decisions made from the process. In
general the participants should represent the views of those that plan, deliver, administer,
and receive the curriculum. Teachers, administrators, and curriculum specialists provide
expertise in subject matter and pedagogical strategies (Darling-Hammond, 2005). Expert
views from those that receive the curriculum can take different forms depending on the
situation. One study identified a school district that involved the community in helping
define essential content for the curriculum (Marzano & Kendall, 1996). In higher
education, industry experts have been identified as key participants that represent the
viewpoint of customers of the educational program (Burt et al. 2013). Since higher
education programs focus on preparing students for careers in a particular field it makes
sense that representatives of the particular industry would have input in what graduates
should know and be able to do. Students may also be included to get another perspective
from the customer side as receivers of the curriculum. They can provide the perspective
about how well the curriculum prepared them for upcoming situations – be it the next
grade level or a job.
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There are a number of different research methods that can be used to gain the
multiple perspectives needed to identify “what is worth learning”. These include Focus
Groups, NGT, and Delphi Technique.
Focus Groups are characterized as a face-to-face brainstorming session among a
panel of experts. The goal is for the experts to generate abstract ideas about a particular
topic, concept, or problem. Using focus groups allows opportunity to obtain rich amounts
of qualitative data from a group of diverse participants in short amount of time.
NGT is a very similar approach to focus groups in that it is a face-to-face meeting
of a diverse group of experts. However, NGT is a more organized and directed group
meeting utilizing a moderator (oftentimes the researcher). It involves a three-step process
where 1) all participants generate ideas individually about a particular focus topic,
concept, or problem, then 2) move to small group discussion to identify the most
important ideas generated individually, and 3) brings all small groups together as a
collective whole to identify the most essential ideas identified from all the small groups.
NGT, has all the benefits of focus groups in addition to the advantage of more focused
and organize data output from the group.
The Delphi Technique seeks to obtain the same type of information from a group
of experts just as focus groups and NGT, without the requirement for face-to-face
participant interaction. Delphi uses, a process of survey instruments conducted in
multiple rounds – usually three. The first survey is a qualitative survey that is intended to
gather the same qualitative data results as focus groups and NGT. The subsequent
surveys serve to reduce/refine the results with the goal of identifying the most essential
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items of a topic, concept, or problem. Delphi allows the information to be obtained with
participant anonymity and greater time flexibility.
While different in format and delivery, all three methods seek to utilize groups of
experts to gain information on a particular topic. The information generated is intended to
be an accurate representation of the group’s viewpoint on the topic. Because these
methods involve groups of experts, and in many cases a diverse group of experts such as
those needed to identify essential curriculum criteria, there are challenges that must be
considered when choosing a method.
Van de Ven and Delbecq (1974) identify a number of challenges that should be
weighed when involving expert groups in research. Some of the more common
challenges include: 1) availability of time, 2) understanding of process, 3) obtaining
representative diversity of participants, 4) misalignment between participants views and
researcher views, 5) peer pressures 6) distractions or off-task discussions. Methods that
require face-to-face interactions with participants such as Focus Groups and the NGT
suffer from many of these issues. Because they require face-to-face meetings for
extended periods of time it is difficult to organize participants to meet for the time
required; usually resulting in lack of adequate representation from all constituent views.
It is also common to have the meetings steered by the more dominant personalities in the
group. This usually results in responses that do not represent accurate views of the entire
group. As well, face-to-face meetings with groups have a tendency to get off-track and
group members get distracted from the task at hand. Getting participants of the group to
focus in order to get the most accurate feedback can be challenging before time runs out –
thus requiring a great deal of guidance by the moderator.
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The Delphi Technique has been proposed as a method to counteract many of the
challenges associated with face-to-face meetings. Because the process is executed with
survey instruments in a non-face-to-face format, participant time becomes less of an
issue. In Delphi the participants are typically allowed an extended period of time – say
two weeks – to respond to the survey. This allows flexibility for participants to choose
the most convenient time to provide responses – thus resulting in a higher response rate
and greater chance of representation from all constituent views. The lack of face-to-face
interaction also eliminates the potential for peer pressure and potential distractions from
other participants.
While Delphi remediates most of the issues found with Focus Groups and NGT, it
does come with limitations. Van de Ven and Delbecq indicate that unlike the face-to-face
meetings, participants are often not as familiar with the Delphi process. Because Delphi
involves multiple rounds of surveys that participants must complete, it is often
challenging to gain their full understanding of the process. Oftentimes participants are not
expecting to complete multiple surveys. Further, they don’t typically understand the
purpose for the multiple surveys. For these reasons, Delphi usually suffers from a high
participant mortality rate. Some researchers have noted a participation loss of nearly half
their sample group between the first and second round of surveys. Lack of participant
understanding is not the only challenge with the method.
Participant’s views – as expressed through the responses they give – can often be
misaligned with the researcher. The first round of the traditional Delphi process is
qualitative – using open-ended survey questions to elicit participant responses. As noted
by Creswell, while rich in content, the results of qualitative data analysis can suffer from
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incorrect interpretation by the research team. With Delphi, the survey items in subsequent
rounds of surveys are generated from the data gathered from the first round survey. If
data obtained from round one is interpreted by the research team incorrectly then the
overall results of the method could be skewed. Some argue that this makes results from
the method vulnerable to criticism about the level of accuracy in representing “group
consensus” on a topic.
Landeta et al. (2011) has suggested an approach termed “hybrid Delphi” that
draws on benefits of all three methods while counteracting their shortfalls when used
individually. The approach replaces the first round Delphi survey with the use of Focus
Groups or NGT to obtain the qualitative data. Obtaining the qualitative data in a face-toface format reduces the potential for interpretation error by the researcher. After the
qualitative data has been gathered in the face-to-face meeting, the research team will use
that data to develop the Delphi survey for the next round. At this point, the remainder of
the method does not require participants to allocate time to attending formal meetings –
all remaining participation is done remotely through individual survey responses. The
responses are analyzed and the results used to develop the next round of survey. This will
continue for two to three rounds depending on when the defined criteria for achieving
“consensus” have been reached. The Delphi survey rounds allow all participants to
provide feedback without the fear of pressure from other participants to respond in a
particular way. As well, the challenges of educating participants on the Delphi process
can be reduced by explain the process during the face-to-face session. Participants have
the opportunity to ask questions to clarify misunderstandings about the process.
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Overall, hybrid Delphi allows the researcher to utilize expert groups of
participants to gain consensus-based information about a particular topic. Shortfalls
associated with using Focus Groups, NGT, or Delphi alone, are reduced while drawing
on the advantages of each. In the case of identifying essential curriculum criteria, the
method provides a systematic organized process for obtaining feedback from teachers,
administrators, curriculum experts, and community/industry representatives. The
resulting essential criteria identified from the method will represent the viewpoints of all
constituents.
Assessment
It is generally recognized that assessment is a fundamental part of education.
Unfortunately, the view of what assessment is and its purpose is often misconstrued. For
many, the definition of assessment is limited to item response instruments like tests that
are used to determine teachers and schools effectiveness in preparing students.
Standardized tests are a great example of this perspective. Others consider the purpose of
assessments as simply tools to audit student performance in order to establish grades.
However, literature on the topic identifies a much different definition of assessment.
Assessments are a repertoire of instruments and strategies that provide critical
feedback to educators, students, parents, and oversight bodies (districts, states, and
accrediting bodies) about student performance toward specific learning objectives.
Effective assessments should clarify what a student understands, guide teaching, and
inform students, teachers, and others (administrators, states, accrediting bodies, parents,
etc) to what extent the learning outcomes have been achieved (Black & Wiliam, 1998;
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Bransford, Darling-Hammond & LePage, 2005; Pelligrino, Chudowsky, & Glaser, 2001;
Wiggins & McTighe, 2005). In the preface to Educative Assessment by Grant Wiggins
(1998), he indicates that assessments should be used to improve and educate student
performance. Popham (2014) notes that assessments should monitor student progress,
identify student strengths and weaknesses, and allow teachers to evaluate their own
instructional effectiveness. From this perspective assessments provide critical feedback
about instruction and learning that can increase program effectiveness. This aligns with
more recent views by accrediting bodies, such as the ACCE. In their accreditation
documents for construction management programs they emphasize assessments to be
used in support of informing actions toward “continuous program improvement” to
improve the learning process (ACCE, 2016a). Constructed and applied appropriately,
research shows that feedback provided from assessments can increase student
performance by more than 20% (Hattie & Timperley, 2007). However, achieving these
results requires an appropriate understanding of assessment.
Much of the research that supports the benefits of assessment feedback is
contingent upon identifying and appropriately implementing assessments that align with
the intended learning. Oftentimes assessments are not created with the overall curriculum
in mind – rather, they are an after-thought considered by the teacher as necessary to
establish a student’s grade rather than learning (Black & Wiliam, 1998). However, to
achieve their purpose, assessments must be aligned with curriculum and teaching
(Pelligrino, Chudowsky, & Glaser, 2001). To accomplish this requires some
understanding that learning occurs at different levels of knowledge and ability.
Assessment development should be based on an understanding about: how people receive
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and process information and represent knowledge & develop competence in the domain
(National Research Council, 2001). Bloom’s Taxonomy classifies and organizes learning
into six levels of cognitive ability (Bloom et al. 1956). By intention, these levels provide
a framework for identifying assessments appropriate to the level of intended learning
(Anderson & Sosniak, 1994). Anderson and Krathwohl (2001) acknowledge that
assessments used to measure one’s ability to recall facts are different than those that
evaluate the ability to create. Those responsible for implementing assessments need to be
able to identify these differences in order to apply them appropriately.
Assessment Validity
Before beginning this section, it is worth clarifying that validity related to
assessments is oftentimes misunderstood as being the assessment itself. However,
Popham (2005) explains that “there is no such thing as a valid test”, but there are valid
and invalid inferences that can be made from assessment data (pg. 97). In this vein, all
further references to assessment validity will imply the validity level of inferences that
we make from assessment data.
When reviewing assessments for validity there are generally three areas to
consider - content, criterion, and construct. Each area plays a part in determining the level
to which we can rely on the inferences made from the assessment data. However, the
three areas do not necessarily apply to all assessments.
Content validity. Content-related evidence of validity is arguably the most
critical part of assessment validity. As the name implies, this area refers to the alignment
of content included in the assessment relative to the identified curricular aim with which
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it intends to measure (Popham, 2014; Wiggins, 1998; Wiggins & McTighe, 2005). In
other words, what do we want students to know and/or be able to do and do the items in
the assessment align with this goal? If the content within an assessment doesn’t align
with the intended learning goal that the assessment is to measure then the student
performance data generated from the assessment will generate invalid inferences. Take
for example a curricular aim in which students are expected to generate quantity takeoffs
of materials in a given building assembly. An assessment that requires students to
identify material types in a given building assembly, but no quantities, would not be an
accurate measure of this curricular aim. The major goal of the curricular aim is
establishing quantities and this assessment doesn’t require students to do that. Therefore,
inferences from outcomes of this assessment about a student’s ability to generate quantity
takeoffs of materials in a given building assembly would be invalid. One could argue
however, that in order to successfully achieve this goal students need the ability to
identify materials. This would be an example of a criterion.
Criterion validity. Criterion-referenced evidence of validity relates to
assessments that are used to generate inferences about a student’s ability to succeed at
subsequent tasks (Popham, 2014). A common example of this is using aptitude test score
to predict a student’s level of success in a class. With respect to our previous example on
quantity takeoff, the assessment that measures a student’s ability to identify materials in
an assembly might be a good predictor of their ability to successfully generate quantity
takeoffs. In other words, a criterion variable for successfully generating quantity takeoffs
is one’s ability to identify materials. If someone can’t identify the materials in a building
assembly then it would be impossible for them to establish quantities for the materials.
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An assessment that does this would have good criterion-referenced evidence of validity.
In the context of conducting a program curriculum review it is important to understand
where gaps exist in student learning and how outcomes in particular courses affect other
courses (Bresciani, 2006). Recognizing criterion validity of assessments can help
improve this understanding.
Construct validity. In simplest terms construct-related evidence of validity
references an assessments ability to measure what it purports to measure (Popham, 2014).
While construct validity can be confused with content validity, they are two different
things. A test can have good construct validity but lack content validity. If an assessment
is said to measure one’s ability to identify materials in an assembly and validation tests
confirm the instrument’s ability to do this, then the assessment has good construct
validity; it’s supposed to measure one’s ability to identify materials in an assembly and it
accurately does this. However, as we know from the previous section, content validity
relates to the alignment of content in the assessment to the identified intended learning
outcome(s). Although this instrument has good construct validity for assessing material
identification, it would have poor content validity if it was being used to measure ability
to generate quantity takeoffs of materials in an assembly. In essence the assessment
would be inappropriately aligned to the intended learning outcome(s).
The constructs of an assessment are the knowledge, skills, and/or performance to
be exhibited by someone through execution of the assessment (Russell & Airasian, 2012).
What type of knowledge is one expected to possess and what are they supposed to be able
to do with that it. This element of an assessment is often overlooked. One of the more
common mistakes with construct validity relates to the level of skill or performance the
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assessment is to measure. Oftentimes, assessments are not constructed or applied
appropriately to measure higher-order cognitive abilities (Marzano, 2009; Pelligrino,
Chudowsky, & Glaser, 2001; Shepard, et al., 2005; Wiggins & McTighe, 2005). A
common example of this is the use of item-response assessments that are being used to
measure skills requiring the ability to apply, analyze, evaluate, or create. Cognitive
process skills of this level cannot accurately be assessed by item-response type
assessments (Bloom, 1956; Wiggins, 1998). Therefore, it is critical to recognize the
content within an assessment and the construct in order to obtain data useful for
generating inferences about learning.
Traditional vs. Authentic Assessments
Assessments can be categorized into two major types – traditional and authentic.
Traditional assessments are objective type selected-response instruments such as
multiple-choice, true/false, and matching item tests (Wiggins, 1998). They contain very
specific right/wrong answer sets that are easy to grade. When Bloom’s Taxonomy was
originally developed in 1956 the focus was to create a common framework for the
exchange of these types of test items – specifically multiple-choice test questions
(Anderson & Krathwohl, 2001). This type of selected response instrument was the
dominant form of assessment at the time. However, much of what we know today about
how people learn is drastically different (Bransford, Brown, & Cocking, 2000).
Traditional assessments require very little cognitive capacity beyond rote memorization
(Pelligrino, Chudowsky, & Glaser, 2001) and provide little feedback about learning
beyond recall of facts (Wiggins, 1990). They have been suggested to be inadequate tools
for measuring higher-order thinking skills such as the ability to apply, analyze, evaluate,
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and create (Resnick, 1987; Wiggins, 1990). This new knowledge has facilitated a move
toward other forms of assessment aimed at evaluating higher-order skills.
Alternative modes for evaluating learning, in the form of “authentic” assessments,
have been gaining ground since the mid 1980’s. While no explicit definition has been
formalized, authentic assessments are characterized as constructed-response instruments
requiring students to utilize metacognitive abilities to formulate appropriate responses.
They emphasize the application of knowledge and skills that would be encountered in
real-world scenarios. This is purported to help students make relevant connections with
intended learning goals – thus influencing motivation to learn (Litchfield & Dempsey,
2007). Some examples of authentic assessment tools include projects, portfolios,
simulations, and experiments. Projects can take on a variety of forms but in general
require students to apply knowledge in ways that emphasizes application in real scenarios
– such as using fundamentals learned about estimating to evaluate the cost of building a
garage from a given set of variables. Simulations require students to play out scenarios
that mimic real-world situations they might encounter. This might look something like
students simulating a job meeting scenario wherein a conflict arises and they are asked to
use communication skills learned in class to resolve the conflict. Portfolios have become
a common authentic assessment tool used to develop a collection of artifacts that
demonstrate what a student has learned throughout the duration of a course. All of these
tools provide opportunity for students to demonstrate learning through the construction of
responses based on given requirements. The information gleaned from these tools about
what students know and can to do is much more informative than that from multiplechoice tests.
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While much of the research advocates authentic over traditional assessments,
authentic assessments have their challenges. By design, they are subjective in nature –
meaning that correct and incorrect responses are not as readily apparent as in traditional
assessments. Subsequently, in order to achieve their reported effect increase, authentic
assessments must have clearly identified performance criteria. This is typically clarified
through the use of grading rubrics. Grading rubrics identify the specific criteria required
by students to demonstrate the different levels of achievement for an authentic
assessment. While used for grading, their primary purpose is to clarify performance
expectations at various levels of fluency. Due to their complexity, authentic assessments
are more difficult and time consuming to construct. This challenge is compounded when
teachers typically have access to a rich historical database of traditional assessments. As
well, educators are not typically as familiar with authentic instruments. This requires a
greater time investment to become familiar and implement them, thus reducing the
likelihood of adoption. While these are valid challenges, evidence shows that properly
constructed authentic assessments improve learning when compared to traditional
assessments. This is especially true when implementing in non-traditional ways.
Formative and Summative Assessments
In concert with the movement toward alternative forms of assessment that are
more authentic, focus has also been placed on investigation into how assessments are
delivered. As previously mentioned, assessments have traditionally been viewed as a
means to audit student performance to establish grades. To meet this need, they would
typically be delivered at the end of a learning opportunity after all instruction has been
given. Assessments delivered this way are called summative assessments. They are
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delivered at the end of learning as a summation instrument that demonstrates what
students have learned. However, the recent advancements in cognitive science about how
people receive and process information tells us that this is not the best approach to
support and demonstrate learning (Pelligrino, Chudowsky, & Glaser, 2001). Wiggins
(1998) asserts that the purpose of assessment should be to educate and improve student
performance, not merely audit it. To maximize learning, students need frequent and
ongoing feedback in varying forms, about their performance. Formative assessment is a
way to achieve this.
In stark contrast to summative assessments, Shepard et al. (2005) defines
formative assessment as “assessment carried out during the instructional process for the
purpose of improving teaching & learning” (pg. 275). These assessments provide the
opportunity to evaluate student learning while there is still time to provide needed
interventions about misunderstandings. An example of this would be a teacher providing
feedback to students during an in-class exercise that is intended to evaluate the students
understanding of recent instruction. The intent of the assessment is for students to
practice what they learned and receive feedback to clarify misunderstandings. When this
occurs during the instructional process, modifications can be made to improve the quality
or amount of learning. Perhaps the teacher observes that students are not applying
information as intended. Observing this, the teacher can provide further instruction to
clarify these misunderstandings. This approach supports the learning process by allowing
the student to make mistakes and correct them without the pressure of a serious penalty
such as a poor grade.
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Teachers have a myriad of tools available for the execution of formative
assessments. Some are more formal authentic instruments such as oral presentations,
written work products, projects, and portfolios. These types of formative tools can be
misinterpreted as summative because the work products produced are oftentimes graded.
However, it should be clarified that formative assessments can be graded items. The key
difference is that when used in a formative nature, the instruction and learning process
has not come to an end. Students still have opportunities to learn from their mistakes and
receive grades that reflect such.
Less formal tools used in formative assessments include impromptu student
interviewing, oral questioning, and general observation. These are referred to as informal
because students typically are not aware they are being assessed. The teacher is executing
these tools in a more casual manner – general conversation or observation during
classroom activities while students are working. While the teacher is gaining valuable
insight about the students understanding, the students don’t feel the pressure to perform
in a particular capacity. In this way the teacher can identify misunderstandings specific to
one student and provide the needed intervention. As well, if common misunderstandings
are being identified among many students then the teacher can provide intervention
techniques aimed at the entire class. Whether formal or informal, formative assessment
has been shown to be a critical element for evaluating and improving a program’s
effectiveness. The research on formative assessment is abundant and acknowledges that
the approach produces more powerful effects on student learning than that of summative
assessment alone (Marzano, 2009).
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When programs are looking at assessment data to make inferences about
their effectiveness, care should be taken to understand the types of assessments being
used in order to establish appropriate alignment for validity of the inferences being made.
Data collected from authentic assessment tools delivered in formative and summative
approaches provide opportunity for improved alignment and more valid inferences.
Appropriate construction and implementation requires a greater investment of time by
educators. However, the benefits to student learning are widely recognized as a
worthwhile return on the investment.
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CHAPTER III
METHODOLOGY
Research Design
This study was conducted in three different phases: 1) Define essential
learning criteria for the BCS program tied to the ACCE student learning outcomes, 2)
Evaluate where the criteria are being included in the BCS curriculum, 3) Identify
assessments implemented and their connection to each SLO. The research design
illustrated below is divided into addressing these three major elements of the study.
Essential Learning Criteria
The approach for defining the essential learning criteria associated with the 20
SLOs utilized a mixed-methods design that draws on a technique termed by Landeta,
Barrutia, and Lertxundi (2011) as “hybrid Delphi”. This technique combines the three
research concepts of Focus Groups, NGT, and Delphi (Figure 3). These methods are
commonly used in studies aimed at drawing information from a group of professional
experts. Used individually, they have identified weaknesses (Table 2; Van de Ven &
Delbecq, 1974). However, Landeta (2011) suggests that combining the three approaches
offsets each one’s individual problems and in turn elicits more robust results.
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Figure 3.
Framework for hybrid Delphi adapted from Landeta, Burrutia, and
Lertxundi (2011).
Focus groups. The purpose of focus groups is to facilitate a face-to-face
brainstorming session from a panel of experts to generate abstract ideas about a general
concept or problem. Educational research terms these abstractions as “constructs”
(Frankel and Wallen, 2015). In the case of this study, the constructs – or abstractions –
would be considered the student learning outcomes.
Nominal group technique (NGT). The NGT is described as “a structured
meeting which seeks to provide an orderly procedure for obtaining qualitative
information from target groups who are most closely associated with a problem area (Van
de Ven & Delbecq, 1972).” Since the techniques development in the 1960’s – it has been
adopted in many different research areas including business management, social sciences,
education, and healthcare – to name a few. Similar to focus groups, the technique
involves face-to-face interaction of professional experts situated in small groups. The
48

approach is intended to generate solution ideas toward a given problem or topic (Owen,
A., Arnold, K., Friedman, C., and Sandman, L., 2015).
The NGT includes an organizational structure intended to organize a broad base
of individually generated ideas into a narrowly defined list of key attributes established
through a group consensus process (Figure 4). This is achieved through a four-step
process that guides participants through the exercise. All participants are organized into
groups of about three to four people; with size of the groups determined based on the
total number of participants. Smaller groups of people are preferred over larger groups.
Different from focus groups, the NGT starts by having each person consider the
topic/question on an individual basis without input or consideration from the other
participants. Step two starts to incorporate the power of the groups by having each
participant share their ideas with the rest of the group. In step three the small group
members will discuss the ideas presented and begin to categorize the different ideas by
rank of importance with respect to the topic in question. The final step of the NGT brings
together all the small groups to present their ranked list of the ideas to the whole for
further evaluation and ranking. This final step is intended to establish a final ranking list
of the most important concepts presented and ranked by all participants as a whole.
Ultimately it strives to arrive at a list of priorities that can be developed into a survey to
be further evaluated by a larger sample population.
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Figure 4.

Process approach to NGT.

Dephi technique. Delphi is a method that was developed in the 1950’s as a
means for identifying and prioritizing ideas through a consensus based approach from a
set of experts knowledgeable in a specialized area (Boberg & Morris-Khoo, 1992;
Landeta, et al. 2011; Okoli & Pawlowski, 2004). The goal of the technique is to arrive at
a group opinion through decisions made anonymously by individual participants without
being influenced by other participants (Pan et al., 1996). The Delphi technique typically
involves two or three rounds of rank order surveys intended to systematically arrive at the
most important elements of a topic, problem, or idea.

50

Table 2
Strengths and Weaknesses of Focus Groups, NGT, and Delphi
Techniques potential to contribute to the
identified problems
Focus
Nominal
Delphi
Groups
Group
Technique
Technique

Problems when using professional groups
Previous ignorance of technique for consultation and
interaction
Difficulty in obtaining group participants with needed
variation of expertise
Difficult to coordinate time and place for all group
participants
Little availability of time
Needs for relation and social recognition
Need for learning and improvement
Need for immediate feedback and perceived sense of closure
Misalignment between investigators view of study and
participants
Tendency to rush to immediate answers in questions without
careful consideration
Risk of inhibition due to dominant members or other causes
Risk of behaviors that seek social approval
Potential pressures to conform answers to dominant group
members
Potential for distraction due to group environment (off-task
discussions between group members)
Fear to contribute new ideas in front of other group members

Low

High

High

High

High

Low

High

High

Low

Medium
Low
Medium
High
Low

Medium
Medium
Medium
Low
Medium

Medium
High
Medium
Medium
High

High

Medium

Low

High
High
High

Medium
Medium
Low

Low
Low
Medium

High

Low

Low

High

Low

Medium

Source: Adapted from Landeta et al. 2011, andVan de Ven and Delbecq 1974
Participants for Essential Learning Criteria
The sample population for the study included the construction industry,
construction management educators, and alumni from the BCS program. The sample
population was delimited to members of the construction programs IAB, faculty of the
program, and alumni that have graduated within the last five years. This was done
purposefully because the desired results of the study are to arrive at performance criteria
relevant to the needs of the industry sector that is hiring students from the BCS program.
It was also recognized that this population is the most accessible and likely to be willing
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to participate given their interest in the success of the program. Additionally, delimiting
the sample to these groups helped reduce some of the potential problems identified earlier
that are associated with using Focus Groups and NGT.
Advisory board members represent an accessible sample of n=20 individuals
representing 15 companies. These companies cover a market sector over multiple states
within the U.S. and a range of work areas from residential construction to large-volume
(over $1 Billion annually) commercial contractors. Program faculty include a potential of
n=5 participants (including the author) encompassing a wide range of expertise areas and
experience levels. This population provides opportunity for a wider range of viewpoints
needed to effectively achieve the intent of the study.
One of the challenges when working with professional participants is difficulty in
response rate. In an effort to alleviate this issue, the programs regularly scheduled IAB
meetings were used as a venue to facilitate portions of the study. Two weeks prior to the
scheduled meeting, members of the program’s industry advisory board were sent an
email with a letter informing them of the new accreditation criteria and the subsequent
impact it will have on the program and related accreditation. The letter explained details
of the accreditation changes and how the program would like to involve them in
addressing those changes at their upcoming IAB meeting. Through faculty meetings and
email, the program faculty were provided the same information as the advisory board
members and requested to participate in the study.
Essential Learning Criteria Instruments
Recruitment of participants included a letter providing a brief introduction to the
new accreditation requirements and the strategy the BCS program planned to take in
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addressing them (Appendix A). This was a critical piece to the study because it was the
first introduction to participants to gain their involvement and understanding of the study.
A presentation was also used at the beginning of the NGT to remind the participants of
the purpose and background to the study (Appendix B). Execution of the study included a
guide for the NGT and surveys for the Delphi study. The other two instruments were
developed for research on developing operational definitions of the student learning
outcomes. A 3-tiered instrument was developed to facilitate the NGT. This instrument
collected participant descriptive statistics and guided participants through three steps of a
small group’s workshop to collect and rank attributes of each student-learning outcome
(Appendix C). A Likert-scale survey questionnaire was developed incorporating results
from the small-group workshop (Appendix D).
Procedures
Approvals
The study included faculty and industry professionals as participants and did not
include the collection of any sensitive information that could create harm – direct or
implied – to the participants. Per Institutional Review Board (IRB) definition, this study
falls under exempt status, however IRB approval was still obtained for the study. An
application was submitted to IRB fully explaining the construct of the study and its
intents; along with documents delivered to participants. These materials included a
recruitment letter, procedures for the NGT, and a template of the Delphi surveys.
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Data Collection
Focus groups. This study did not include the focus group portion of the “hybrid”
Delphi technique because it would be unnecessary and redundant (Figure 5). Focus
groups are intended to generate abstract ideas from the basis of a general problem. In this
study, the general problem would be establishing learning outcomes for students in
construction programs. The resultant student learning outcomes are the “constructs” that
would be generated from the focus group session. Because the student learning outcomes
have already been established – which form the foundation for the study – it was not
necessary to conduct the focus group portion of the hybrid Delphi Technique. Therefore,
the study began with the NGT.
Nominal group technique (NGT). A facilitator (the researcher) was assigned to
organize and execute delivery of the NGT. The NGT kicked off with a short presentation
to the participants that provided some background information about the new
accreditation requirements, how SLOs relate, and why it is important for the participants
to be involved. After the presentation and addressing any questions from the participants,
the facilitator reviewed the NGT requirements with everyone (Table 3). The participants
were then organized into groups of three to four; with the size of the groups determined
based on the total number of participants.
After assembling the groups, the participants individually reviewed each SLO and
wrote down their thoughts on the relevant performance criteria students should be able to
demonstrate related to the given SLO. During this step, the participants were encouraged
to think critically, but doing so in an expeditious manner. More time for critical reflection
was made available during step two. After this step, each participant took turns sharing
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their thoughts with the rest of the group. Prior to beginning step two each group
established one of the members to be a recorder. During this time, the other group
members just sit and listen; no feedback – good or bad – is given by any of the other
group members. Each participant is simply listening and taking notes on what they have
heard from the other group members. After all group members have shared their ideas, a
group discussion about the different ideas that were presented will begin step three.
During this time, the group members attempt to identify the relevant ideas that were
presented and rank them on level of importance related to the given topic. The designated
group recorder then documents this information.
When all groups have completed step three the facilitator collected all the
recorded data. This included all individual information completed by each participant and
the recorded notes completed by each small group. The facilitator reviewed the
summarized group data with all the experts as a whole and allowed them to offer any
corrections or additions to the information. After completed, the participants were
informed that they would be receiving a follow-up survey that will contain data collected
from the day’s session and from the review of related literature. They will be asked to
review the information contained in the survey and provide their feedback.
Table 3
Agenda and Instructions to be Issued to IAB Participants for NGT
AGENDA & INSTRUCTIONS:
Task 1: Small Group Huddles (60 min.)
(Meeting attendees will divide up into small groups of 3 to 4 people)
Step 1 (30 min.) – On an individual basis think of descriptors for each of the 20 learning
outcomes that you think define what each outcome means and write down the descriptor.

55

Table 3 (Continued)
Step 2 (15 min.) – In this step each group will establish a recorder for the group. After a
recorder has been established go around the group asking each member to identify the
descriptors they rank as being the most important for each of the 20 SLOs. Do not debate the
merits of each item at this time. The aim here is for the recorder to develop a list of descriptors
quickly. Record the list on a piece of paper.
Step 3 (15 min.) – Over the next 15 minutes review the groups list and try to build a consensus
on what the group believes are the most important descriptor items for each SLO.


Rank the groups items from most important to least (number the items as you rank
them), making sure to consolidate similar descriptor items for each SLO
 As you rank the descriptors, write each one on a separate sticky note with their
corresponding ranking number
 Review the items one last time for anything the group feels may be missing and add
those items as appropriate
Task 2: Group Consolidation (60 min.)
(Individual small groups will come together to display and discuss their results)
Step 1 – The facilitator will guide the groups through each of the SLOs asking each group to
identify their highest ranked descriptor and stick it on the wall. At this time if other groups have
identified the same descriptor as their highest ranked, they should put it on the wall as well.
Step 2 – The facilitator will continue the process until the top 10 descriptors have been
identified or all identified descriptors have been exhausted for each SLO (whichever is fewer).
Step 3 – After all descriptors are identified for one SLO the attendees will review for any
potential missing items and add them as necessary. The process will continue until all SLOs are
completed.
Step 4 – The facilitator will take the information collected and compare it with feedback from a
separate faculty study to identify gaps and overlaps. Results from this information will be used
in the development of a final survey that will be sent to all participants for a final round of
feedback.

Dephi technique. Completion of the Delphi was intended to be done in three
different rounds. Round one and two would involve the original participants that were
involved in the NGT phase. Round three would serve as a validation stage and would
include a broader sample population of industry experts and faculty from the southeast
region of the United States.
1st round. The first round of the Delphi would resemble characteristics
more common to the second round of a traditional Delphi. Typically, the first round
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would include open-ended type questions because the researcher is seeking feedback
from a general question or idea. However, this information was completed during the
NGT stage. This first round would include the employment of a Likert survey developed
from the data collected during the NGT, information obtained from related literature, and
subject matter experts (BCS program faculty). Specifically related to the literature; the
survey would include information provided by the ACCE SLO Task Force on proposed
attributes for each SLO (Burt et al. 2013), as well as information collected from the
official study guide for the American Institute of Constructors Associate Constructor
exam (American Institute of Constructors, 2016).
2nd round. The second round Delphi would include data review,
development of an item-ranking survey, and collection of data from the survey. Results
of the round one survey would be used to develop a criteria ranking survey to
acknowledge what was defined in the first round as the most important performance
criteria for each SLO. It was anticipated that the survey for round two would include a
reduced number of performance criteria. The survey would also include participant
suggestions of criteria to be added that were not originally included in the round one
survey. After development, the survey would be distributed via email invitation to all
participants from round one; including those that were invited but did not participate.
Participants would be given two weeks to complete the survey. A reminder would be sent
after week one, and two days before the two-week deadline. The survey will be deployed
through SurveyMonkey® with collected data being downloaded to a local computer for
subsequent analysis.
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3rd Round. Results from the second-round Delphi were intended to be
used to finalize the identified essential criteria for the BCS program and used to develop
a validation survey for the third round of the study. After completing the survey
development, the sample population would be contacted via email and invited to
participate in the final round review. The email would include an explanation of the study
purpose and a copy of the final breakdown of criteria by SLO. Participants would be
asked to review the final list and only respond if they disagree with anything on the list or
have final suggestions for revisions. The participants would be given three weeks to
review the final list and offer suggestions/revisions. A reminder email would be sent to
all potential participants on one week intervals over the course of the three week window
in an effort to increase participation. At the close of the three weeks the researcher would
evaluate the sampling percentage against the needed sample size for the study and
determine if another round would be necessary. The survey was anticipated to be very
lengthy when considering all 20 SLOs. This could be problematic since the sample
population in this round would be new to the study and not as invested as the participants
in the previous rounds. To try and reduce the potential for participant mortality due to a
very lengthy survey; the survey would be structured to randomly assign 5 of the 20 SLOs
to each participant. This strategy would keep the survey for each participant within a
tolerable length and the random assignment would make sure all SLOs are being covered
over the course of all participants.
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Figure 5.

Proposed framework for modified hybrid Delphi.

Criteria Inclusion and Assessment
After the essential learning criteria have been identified, an evaluation was
conducted to identify the level of inclusion within the curriculum for the identified
criteria and how they are being assessed. This element of the study would serve to answer
research question two – “Where are the essential learning criteria being included in the
curriculum and how are they being assessed for achievement?” Evaluating this element
served to clarify the achievement levels associated with what is actually being delivered
in the curriculum and the efforts taken to assess the level of student achievement.
Generating a greater awareness of the level to which the performance criteria are - or are
not - being included and assessed allows the opportunity to make more informed
decisions about curricular changes. Specifically, this would allow the program to make
curricular adjustments that would optimize inclusion of all the essential learning criteria.
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Participants and instruments. Participants involved in the evaluation of
essential learning criteria inclusion would be delimited to faculty within the BCS
program. This is for two main reasons: 1 – Faculty within the program have the greatest
awareness of criteria included in the curriculum because they control the content being
delivered in their courses, 2 – Because they control the content included in their courses
their participation can help validate the data collection process; i.e. they can confirm
inferences made by the researcher when collecting the data from the course materials.
This process helps affirm suggestions proposed at the conclusion of this study.
Utilizing this type of process is intended to yield a more efficient data collection
timeline. Including the faculty in the process also helped them develop a better sense of
awareness for how well their course content addresses key learning standards for the
discipline. This would ultimately help facilitate increased involvement by faculty when it
comes time to consider suggestions for program improvement – especially when it relates
to their specific courses. However, this process also creates opportunity for potential
validity issues in the results.
The potential exists that faculty may falsely report information for fear of
criticism by others based on the results. If the faculty saw this as an opportunity for them
to be singled out as being deficient in their performance then they may not be honest. In
order to remedy this issue, the researcher would take every effort to clarify that this
process is intended to look at the program as a whole and not single out any specific
course or faculty member. It is a means for the program and faculty to develop a baseline
of achievement for including these newly identified SLOs and their embodied essential
learning criteria in the curriculum.
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Data collection and scoring definitions. The data collected to identify criteria
inclusion and assessment instruments would be obtained through a review of the syllabus
for each course. Specifically, the identified course learning outcomes and course outlines
would be reviewed in each syllabus. These two elements of the syllabi will help identify
the content being delivered relative to the SLOs and related performance criteria, as well
as the assessments being used for the outcomes.
Courses to be evaluated would be delimited to only the BCS core construction
content courses as identified by the BCS Program to ACCE (Appendix J1). The reason
for this is because ACCE requires that all courses identified in the construction core
subject area “shall address the construction-specific Student Learning Outcomes”
(ACCE, 2016a, “3.1.4 Construction” para. 1). As such, it was irrelevant to the focus of
this study to evaluate courses that do not fall into the construction core subject area as
identified by the BCS Program.
The extent to which the SLOs are being included in the curriculum would be
evaluated on the basis of Missing, Adequate, or Overlapping. The course learning
outcomes identified in each syllabus and their associated connection to SLOs would be
used to develop a mapping of which SLOs are included in the course. SLOs included in
two or less courses would be categorized as “Missing”. Those SLOs identified in three to
four courses would be classified as “Adequate”. And, SLOs shown to be included in five
or more courses “Overlapping”. This score would suggest that valuable classroom and
instructional time is being poorly utilized on an SLO that students may have been able to
achieve with lesser inclusion within the curriculum; thus, providing opportunity for
inclusion of other learning outcomes.
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Assessment evidence. The last piece of the study included the evaluation of
assessment evidence toward student achievement of the SLOs. Completing this portion of
the program evaluation illustrated the “received” portion of the curriculum. In other
words, compared to what was previously identified as the planned curriculum in the
identification of essential learning criteria, and what was previously identified as the
delivered curriculum in the inclusion of essential learning criteria, the evaluation of
assessments would provide a glimpse of what is being received. This portion of the
evaluation would, once again involve the review of course syllabi to identify assessments
included in each course and how they are connected to each SLO. Evaluation of the
assessments for validity would not be included in this study. Evaluation of assessments at
this level should be reserved for a separate study. A course-level review of the
assessments in this study will provide a preliminary look at the program’s ability to
clearly identify assessments being included to measure intended learning identified for
the course.
Data Analysis
Essential Learning Criteria
Analysis of the data collected from the NGT was done using a grounded
theory approach. Responses to each of the SLOs would be reviewed via systematic
approach coding, which uses open, axial, and selective codes. Creswell (2008) describes
the systematic steps as - generating categories of information (open coding), selecting
and positioning a category within a theoretical model (axial coding), and illuminating a
story from the interconnection of these categories (selective coding). While seemingly
linear in nature, Creswell (2008) acknowledges these steps may instead be considered
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more interactive. After coding the results, a constant comparative approach (Bogdan &
Biklen, 2003) was said to identify key issues, recurrent events, or activities in the data
that become categories of focus. Those terms would then be used to develop descriptors
representative of the most common perceptions among the respondents.
The analysis of data from round one of the Delphi included measures for
establishing “consensus” for the most important and least important performance criteria.
Lack of “Consensus” on criteria would be used as a basis for elimination in round 2.
There is little precedent in the literature for standard criteria that acknowledges
“consensus” of participants in Delphi. Previous studies have incorporated differing
methods to establish “consensus”; including overall response percentage (Bok, Jaarsma,
Teunissen, Vleuten, & Beukelen, 2011; Jamil, Muthupalaniappen, Nor, Siraj, & Salam,
2016; Okoli & Pawlowski, 2004), descriptive statistics of median, mode, standard
deviation and interquartile range (Boberg & Morris-Khoo, 1992; Rass, 2008; Schibler,
2008), and a given cutoff criteria for number of items selected (Okoli & Pawlowski,
2004; Reese Ward, 2010). Others have used a combination of these different approaches
for a more robust representation of participant “consensus” (Anderson, 2011; Jamil et al.,
2016). Overall the literature suggests that when using a percentage response criteria, a
threshold ≥70% of respondents seems to be the most common. When employing
descriptive statistics, Mode in conjunction with a response range criteria like standard
deviation ≥1, or the interquartile range is most widely used to demonstrate consensus.
Bok et al. (2011) implemented a strategy for establishing group consensus with a ranking
of four or higher on a five-point Likert scale by at least 80% of participants. If the data
results are not agreed by at least 80% of the respondents to be relevant (4) or very
63

relevant (5) then the competency is eliminated for future consideration. I chose to utilize
the more “strict definition of consensus”. The methodology for this study drew on the
approach employed by Bok et al. (2011) – however with a bit more leniency.
Group consensus for a given performance indicator in this study would be
identified in the first round Delphi by a Mean ≥3.7 on a 5-point scale, and as very
important (4) to absolutely essential (5) by 70% or more of the respondents. These items
would be included in the second round for further consideration of level of importance.
Indicators that fell below this mark within a 5% margin would also be included in the
second round as means of addressing error factor in the data results. All other criteria that
did not fall in either of these two categories after the first round would be removed from
future rounds of the study. If however, this results in less than 12 identified criteria for
the second round, then additional criteria would be included until a minimum of 12 is
reached.
Round two of the Delphi asked participants to identify the ten most important
criteria (not in rank order) that demonstrate the given SLO. Consensus on this round
would be defined as those criteria selected by ≥70% of respondents. A comparison of the
results from round 1 and round 2 was then conducted to identify consistency in results.
Those criteria that were consistently identified as essential by ≥70% of respondents
would establish the most essential criteria for each SLO for graduates of the BCS
program. The criteria that were included in the study that did not meet the “essential”
category were not be completely removed from consideration. Rather, they would be
categorized in their respective levels of importance as identified by the results from
respondents. These categories were: Very Important, Moderately Important, and Little to
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No Importance. This format follows similar constructs of categorized importance as
identified by other scholars (Marzano, 2006; Wiggins & McTighe, 2005). The finalized
list of ordered criteria would be distributed to the participants for review and comment.
As with the previous two rounds, consensus on the criteria was to be defined as
responses, or lack of responses, by at least 70% of the participants. In other words, a lack
of response by less than 70% of the participants to any one criterion in the list will
indicate consensus agreement of the criterion by the sample.
Criteria Inclusion and Assessment Evidence
Data collected from the review of the syllabi of the courses in the BCS core
construction content area were aggregated in a mapping table to arrive at a preliminary
view of the level of inclusion of SLOs in the courses, connections between the SLOs and
CLOs, and assessments included to measure the identified learning outcomes. Results of
this analysis can be used to establish actionable decisions about inclusion of SLOs and
assessments within the overall program curriculum.
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CHAPTER IV
RESULTS
The primary purpose of this study was to identify, prioritize, and map inclusion of
performance criteria associated with each of the 20 ACCE SLOs as perceived by a panel
of industry and alumni experts associated with the BCS at Mississippi State University. A
panel of experts was asked to participate in identifying and ranking performance criteria
for each SLO in a multi-phased study. The study started with a smaller group of experts
participating in a type of focus group concept called NGT. Information generated from
this process was further vetted by a larger group of experts through five rounds of Delphi
surveys (Table 4). After identifying and ranking the importance level for the performance
criteria, an evaluation of course syllabi was conducted by the researcher to identify the
level at which the performance criteria were included in the BCS Program curriculum.
Table 4
Organization Structure of Delphi Survey Rounds
Survey Round

SLOs

Bloom’s Taxonomy
Cognitive Domain

Stage

1

1-5

Create

1

2

1-5

Create

2

6-8

Apply

1
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Table 4 (Continued)

3

4

5

9-11

Analyze

1

6-8

Apply

2

9-11

Analyze

2

12-16

Understand

1

12-16

Understand

2

17-20

Understand

1

17-20

Understand

2

Note. Stage 1 is the first opportunity for participants to rank the level of importance for
each item related to the respective SLO. Stage 2 is the second opportunity for participants
to rank the importance of a reduced number of criteria items based on results of Stage 1.
Nominal Group Technique (NGT)
Participants
BCS program faculty and IAB members were contacted via email to solicit
participation for the NGT process (Appendix C1). In total, five program faculty, 17
individuals representing the various IAB members, and six alumni were invited to
participate in the NGT process. Of those invited, n=4 faculty, n=5 alumni, and n=10
advisory board members participated. This translates to an 80%, 66%, and 59% response
rate for faculty, alumni, and IAB participants respectively. The alumni and IAB members
that participated represented 13 different companies across the Southeast United States
ranging in size from small (< $50 million/year) to medium (between $500 million/year
and $2 billion/year). Range of experience spanned from two years to over 30 years per
participant.
67

Execution
All participants were divided into four different small groups for execution of the
NGT. Efforts were made to establish equitable distribution for a good cross-section of the
different participants (Table 5). Unfortunately, the NGT was not able to be executed as
originally planned. Modifications made to the NGT format are illustrated in Table 6
below.
Table 5
Participant Breakdown for NGT Process
Participants
Faculty
Alumni
n
n

Groups
Group 1
Group 2
Group 3
Group 4

1
1
1
1

2
0
1
2

IAB
n
2
4
3
1

Because the NGT was embedded into the agenda of the regularly scheduled
biannual IAB meeting, other meeting agenda items accounted for more than the
originally planned agenda time. As a consequence, available time for executing the NGT
was diminished to one hour as opposed to two hours. Due to the subsequent time
constraint, two major alterations were made to the NGT execution format: First, rather
than each member going through all 20 SLOs, the SLOs were split in half and two
different groups completed SLOs 1 – 10 while the other two groups completed SLOs 11
– 20. This ensured that, while reduced, we would at least be able to collect data on all 20
SLOs. Secondly, we were only able to complete Task 1 of the NGT. While this was
68

disappointing, Step 3 of Task 1 allowed opportunity to obtain some level of group
consensus data on the different ideas generated by individual participants. This meant
that it was feasible to execute Task 2 of the NGT process as part of the Delphi portion of
the study. It should be noted that these changes were made with input from the
participants and it was their consensus that making the modifications as executed would
be a workable approach for them.
Time required to complete each step was primarily maintained with those
originally planned. All groups completed step one within 25 minutes, with the first group
finishing in about 20 minutes and the other three groups falling in closely behind. At the
inception of step one many of the participants tried to talk with their group mates to
develop the list collaboratively. They had to be reminded that the first step required them
to develop a list of items on their own without communicating with other group
members. While this was clearly explained at the beginning of the workshop, it seemed
for some of the participants an instinctive reaction to collaborate with their group from
the onset. Some participants even seemed a bit annoyed that they weren’t being allowed
to collaborate from the beginning. Regardless of the setback at the beginning, all
participants completed step one. Step two and three were executed as planned and none
of the groups seemed to have any issue following the instructions as directed. However,
the planned timing for step two was not long enough. While 15 minutes was allotted for
step two, it took about 22 minutes for all groups to finish and most of them appeared
rushed to get the round completed in that timeframe. However, step three was also
allotted 15 minutes for completion and all but one group finished this step in under 10
minutes. It seemed that once the groups achieved consensus on the most important items
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in step two, rank-ordering the identified items was not that challenging. While there were
some discrepancies between the planned times and actual times, overall the four groups
completed the whole of Part One within the one hour allotted time. Observations by the
researcher - during execution of the NGT steps - identified participants engaging in
constructive conversations like “I would say this is the most important thing but what do
ya’ll think” while analyzing the SLOs. Participant comments such as “this is a lot harder
than I thought it would be” suggested critical evaluation of each SLO to provide valuable
feedback.
Table 6
Adjustments Made to NGT Agenda Due to Time Constraint
AGENDA & INSTRUCTIONS:
Task 1: Small Group Huddles (60 min.)
(Meeting attendees will divide up into small groups of 3 to 4 people)
Step 1 (30 min.) – On an individual basis think of descriptors for each of the 20 10 learning
outcomes that you think define what each outcome means and write down the descriptor.
Step 2 (15 min.) – In this step each group will establish a recorder for the group. After a
recorder has been established go around the group asking each member to identify the
descriptors they rank as being the most important for each of the 20 10 SLOs. Do not debate the
merits of each item at this time. The aim here is for the recorder to develop a list of descriptors
quickly. Record the list on a piece of paper.
Step 3 (15 min.) – Over the next 15 minutes review the groups list and try to build a consensus
on what the group believes are the most important descriptor items for each SLO.


Rank the groups items from most important to least (number the items as you rank
them), making sure to consolidate similar descriptor items for each SLO
 As you rank the descriptors, write each one on a separate sticky note with their
corresponding ranking number
 Review the items one last time for anything the group feels may be missing and add
those items as appropriate
Step 4 (5 min.) – Collect all individual recorded responses and the consolidated rank-order
group list and give all the documents to the workshop facilitator.
Task 2: Group Consolidation (60 min.)
(Individual small groups will come together to display and discuss their results)

70

Table 6 (Continued)
Step 1 – The facilitator will guide the groups through each of the SLOs asking each group to
identify their highest ranked descriptor and stick it on the wall. At this time if other groups have
identified the same descriptor as their highest ranked, they should put it on the wall as well.
Step 2 – The facilitator will continue the process until the top 10 descriptors have been
identified or all identified descriptors have been exhausted for each SLO (whichever is fewer).
Step 3 – After all descriptors are identified for one SLO the attendees will review for any
potential missing items and add them as necessary. The process will continue until all SLOs are
completed.
Step 4 – The facilitator will take the information collected and compare it with feedback from a
separate faculty study to identify gaps and overlaps. Results from this information will be used
in the development of a final survey that will be sent to all participants for a final round of
feedback.

Note. Items marked in red identify changes made to the original planned NGT agenda.
Data Outcomes
The data collected from faculty and IAB members were analyzed separately using
a data reduction approach. Data reduction is an approach used in qualitative research
attempting to breakdown the information collected into manageable parts to find related
themes. An example is illustrated for one of the SLOs in Table 7 below. The full set of
results for all SLOs can be found in Appendix I. These results, in conjunction with results
from the literature search, were used to formulate the items for round one of the Delphi.
Data were organized in two separate categories by faculty response and IAB
response as a means to compare responses between the groups. Numbering for supporting
details under each group was consistently maintained with the identified numbering
convention for the dimension/factor column. This was done in order to clearly identify
differences between the two group’s responses. As an example, in Table 6 above, the first
dimension/factor identified was “hazard analysis”. Supporting details identified under
number one for each of the two groups were responses related to hazard analysis. If one
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of the groups did not indicate responses for hazard analysis then supporting detail number
one would be left blank. This can be seen in item six “guidelines”; faculty responses
indicated items that fell into this domain, but the IAB responses did not so item six under
IAB only contains a dash.
Table 7
Example NGT Analysis Results Used to Generate Delphi Round 1 Survey
Domain

Dimensions/Factor

SLO #3 –
Create a
Construction
Project Safety
Plan

1. Hazard Analysis
2. Project Specific
3. OSHA
4. Management
5. Materials &
Equipment
6. Guidelines

Supporting Details
Faculty Responses
IAB Responses
1. Identify hazards, major
hazard involved in each
phase of construction.
2. Common to construction
job sites. Prepare a site
utilization plan.
3. OSHA. Create a safety
plan that is consistent with
OSHA 10-hour certification.
OSHA…guidelines
4. Identify basic abatement
techniques and procedures.
Write work rules, safety
managers’ goals decisions,
managing injured employees.
Assemble a report
5. Organizes materials,
activities and services.
OSHA materials
6. Safety challenges, safety
trainings, topics/issues
section

1. Identify possible safety
issues specific to job. Job
hazard analysis. How to
write project specific. Risk
assessment specific to
jobsite. Job risk evaluations.
2. Specific to job. Jobsite
specific safety plan. Specific
to jobsite. Project specific.
3. Understanding OSHA
guidelines. OSHA certified.
OSHA
4. Operational emergency
management.
Implementation.
5. Crane/rigging plan.
Hazardous Materials.
6. -

Note. A dash “-“ next to an item indicates that data were not reported for that item.
Delphi
Participants
The Delphi portion of the study was conducted in five different rounds of surveys
delivered via email to participants over the course of four months. Prior to executing the
surveys, a recruitment process was conducted to identify participants that were willing to
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commit time toward completing all five rounds of surveys. Members of the BCS IAB and
Alumni were contacted via email to solicit participation (Appendix C2). In total, n=83
individuals were contacted to participate in the study.
Recruitment of industry members was done using the snowball method. Members
of the BCS IAB were contacted and asked if they would be willing to participate and they
were also asked to forward the participation request to any individuals in their company
that they felt could provide valuable responses to the surveys. This resulted in n=45
individuals representing companies from the BCS IAB being solicited for participation in
the study.
Potential alumni participants of the BCS program were selected to be contacted
for participation through a review process. The researcher and the BCS program student
advisor conducted a review of the list of BCS alumni and selected potential participants
based on ability to complete the process. Both reviewers were qualified to conduct the
review process because of their intimate knowledge of the alumni through interactions as
a teacher, and advisor. From this, candidates were selected that were felt to have the
greatest potential to complete all five rounds of the Delphi process. The review identified
n=38 alumni that were contacted to seek participation in the study.
The candidates were given one week to indicate their willingness to participate in
the study. From the potential n=83 participants, n=35 (77%) IAB representatives and
n=25 (66%) alumni indicated agreement to participate. Over the course of the five rounds
of surveys n=48 of the potential 60 participants completed surveys; representing an 80%
response rate overall. The 48 participants were evenly split between industry and alumni
with n=24 participants representing each group; translating to an overall response for
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each group at 69% for IAB representatives and 96% for alumni. When broken down by
survey round however, the response rate weakens (Table 8). Alumni still outperformed
IAB participants with 71% (n=17) of alumni completing at least four of the five survey
rounds, as compared to 46% (n=11) of IAB participants completing the same. By the
final survey round there was a loss of 17 IAB members - representing a 71% mortality
rate. The alumni mortality rate was much lower at 37% with n=15 of the original 24
participants completing the round five survey.
Table 8
Response Statistics for Delphi Survey Participants by Round
Survey Rounds Completed
IAB
Participant
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

1
x
x
x

2

3

Alumni
4

5

x
x
x
x
x

x
x

3

4

5

x

x

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x

x

x
x

x
x

2

x
x
x
x
x
x

x
x
x
x

1
x
x

x
x
x
x
x

x
x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
74

x

x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Table 8 (Continued)
P23
P24
n
Response

x
x
13

x
x
16

x
x
9

x
x
11

x
x
7

x
x
21

x
x
20

x
x
18

x
x
17

x
x
15

54%

66%

38%

46%

29%

88%

83%

75%

71%

63%

Note. x = completion of the survey item by that participant for that round, a blank cell
indicates that no response was recorded by that participant for the particular round.
Although participants are labeled with the same designation for the IAB and Alumni
columns, the actual alumni participants were different from the IAB participants. The
response percentage reflects the number of respondents for the particular round based on
a possible n=24 participants for each group per round.
Round 1
The first round Delphi survey (Appendix D) was issued to the panel via email on
July 12, 2016 and the panel was informed they would have two weeks to complete it. A
reminder email was sent to participants on July 18, 2016 informing them they had one
week left to complete the survey. The survey included criteria items for SLOs 1-5. These
SLOs were included together because they are categorized at the “Create” level of the
Bloom’s Taxonomy Cognitive Domain. Participants were asked to rank, on a Likert scale
from 1 - 5, each criteria item on its’ level of importance to the particular SLO. Results
were analyzed to identify criteria items that were considered the most important by a
consensus of the panel. These items were carried forward to Stage 2. The criteria for
identifying these items were those with a ranking of “Very Important” to “Absolutely
Essential” (M ≥ 3.7) by at least 70% of the respondents. To compensate for random error
in the data, a four percent buffer was included; so those criteria with a mean M ≥ 3.7 by
at least 66% of respondents were carried forward to the next stage. In addition to the
buffer, a minimum criteria inclusion rule was implemented. Under this rule, if items
identified by the cut criteria and buffer do not total at least 12 items, then additional
75

criteria will be added - on a rank order basis - to reach a minimum of 12 criteria that
move forward to Stage 2.
A total of 103 items were included across the five SLOs for the 34 responding
panelists to respond to in the first-round survey. The items were reviewed for incomplete
submissions and a total of 82 were identified to meet the cut and consensus criteria.
These items were included in Stage 2 for further consideration. In addition to the item
ranking responses, this survey asked participants to provide write-in responses for items
they felt were missing in the survey. From this, an additional four items were identified to
be included in the next stage; resulting in a total of 86 items to be included in the second
stage instrument for SLOs one through five.
SLO #1. In SLO #1 students are required to demonstrate ability to “Create written
communications appropriate to the construction discipline”. There were 18 original
criteria included in this SLO for consideration in the first round Delphi. Of those, 13 met
the cut and consensus criteria, and two write-in responses were added to the second round
for further consideration (Table 9). Among the 13 criteria selected, four were ranked at
the “Absolutely Essential” level, with the remaining nine being considered “Very
Important”. Of those nine, five had a standard deviation greater than one; indicating a
broader range of opinions across the five answer options.
Table 9
SLO #1 Round One Criteria Ranking Listed in Order of Importance

Essential Learning Criteria
1 Complete a scope-of-work document for a given
project.
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Delphi Round 1
M
SD
n
%
4.70

0.669

33

100

Table 9 (Continued)
2
3
4

Create a project change order.
Create a request for information to a project architect
related to a specific issue.
Create a professionally formatted email to a project
stakeholder.

Very Important Learning Criteria
5 Create a subcontract to a project sub-contractor.
6 Complete a submittal form.
7 Create meeting minutes for a particular project meeting.
8 Create a project meeting agenda.
9 Create a weekly/monthly job progress report.
10 Create a professionally formatted business letter to a
project stakeholder on a specific topic.
11 Create a construction site daily field report.
12 Create a request for sub-contractor qualifications.
13 Create a transmittal letter for a project item
transmission.
14 Create a Bid Form based on a given set of criteria.
15 Create a proposal book for a given project.

4.64
4.58

0.613
0.853

32
31

97
94

4.52

0.770

30

91

4.41
4.36
4.27
4.27
4.21
4.00

0.704
1.055
1.064
1.064
1.022
0.950

28
28
27
27
28
23

88
85
82
82
85
70

3.85
3.72
3.64

1.051
0.734
0.652

22
21
22

67
66
67

3.531
3.521

0.999
0.551

17
18

532
552

Moderately Important Learning Criteria
16 Create an instructions to bidders for a particular project. 3.501 0.770 16 502
17 Write a notice to proceed letter.
3.481 0.855 18 552
18 Create an invitation to bid.
3.381 0.855 14 442
WI
1
3
Create a job cost projection report.
WI
1
3
Tactful documentation of discussions between
Contractor, Subcontractors, Engineers, and Owner.
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. n=number of responses
at the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.
SLO #2. This learning outcome asks students to “Create oral presentations
appropriate to the construction discipline”. It included 20 criteria for consideration and 15
met the cut and consensus measures to be moved to round two for further consideration
(Table 10). Among those selected, six ranked at the essential level. There were no write77

in responses offered by the respondents to be added to the list of considered criteria for
round two. Further evaluation of the criteria selected indicates a limited number (criteria
1, 3, 5, 10) that are specific to the “construction discipline” as the SLO states. The
remaining criteria could be considered fundamentals appropriate to oral presentations in
general and necessarily specific to the construction discipline.
Table 10
SLO #2 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential Learning Criteria
M SD n %
1 Demonstrate ability to use appropriate discussion, negotiation, 4.76 0.746 32 97
conflict resolution, and cooperation skills.
2 Explain ideas in a variety of oral communication interactions
(i.e. meetings, telephone, public, etc.)
3 Plan, prepare, and conduct a project meeting.
4 Demonstrate ability to speak publicly in formal and informal
settings.
5 Demonstrate ability to use appropriate communication skills
to work with people of varying backgrounds and experience
levels (i.e. clients, architects, engineers, tradesman, etc.).

4.70 0.493 33 100
4.64 0.475 33 100
4.61 0.830 32 97
4.61 1.007 31

94

6 Demonstrate use of clear organization in oral communications. 4.55 0.945 30 91
Very Important Learning Criteria
4.45 0.557 30 91
7 Organize ideas in a logical and purposeful manner.
8 Demonstrate ability to adapt to different audience, setting, and 4.42 0.707 31 94
occasion.
29
25
23
24

88
76
70
75

13 Recognize appropriate/inappropriate contexts for types of
presentations – formal, telephone, lunch meeting, etc.

3.88 1.071 22

67

14 Demonstrate ability to use appropriate message delivery
conventions – on topic, succinct, etc.

3.82 0.869 23

70

9
10
11
12

Identify appropriate dress for a professional presentation.
Plan, prepare, and conduct a project proposal presentation.
Recognize inappropriate language use.
Identify appropriate listening conventions – eye contact,
posture, attentiveness, etc.
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4.27
4.09
4.09
3.94

0.739
0.496
0.880
0.987

Table 10 (Continued)
15 Demonstrate appropriate selection and use of materials for
given presentation topic and setting.

3.82 0.994 23

16 Identify appropriate speech clarity, pace, volume.

3.79 0.947 21 642

17 Identify appropriate/inappropriate body language – excessive
body movement, eye contact, etc.

3.76 0.994 21 642

18 Recognize possible distractions – cell phones, background
noise, etc.

3.661 0.989 16 502

Moderately Important Learning Criteria
19 Plan, prepare, and deliver an informational presentation on a
new product or service.
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3.301 0.699 15 452

20 Plan, prepare, and deliver an educational presentation about an 3.301 0.609 13 392
emerging topic focused on professional development of
company employees (i.e. LEED, BIM, Lean, etc.)
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. n=number of responses at the rank of 3:Very Important to Absolutely Essential for
the criterion. %=percentage of total responses that ranked the criterion at Very Important
to Absolutely Essential.

SLO #3. Student Learning Outcome #3 requires students to demonstrate ability to
“Create a Construction Project Safety Plan”. A total of 15 of the original 17 criteria, plus
one write-in item, were advanced to the second round for further consideration by the
panel (Table 11). Of the 15 items, three had a mean ranking of “Absolutely Essential”,
while the remaining 12 ranked at the “Very Important” level. The standard deviation was
less than one for all but criterion seven (SD=1.031); indicating a limited variation of
responses across the range of options.
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Table 11
SLO #3 Round One Criteria Ranking Listed in Order of Importance

Essential Learning Criteria
1 Identify potential job hazards/safety issues (i.e. deep
excavations, confined spaces, etc.).

Delphi Round 1
M
SD
n %
4.76 0.692

32

97

2 Identify safety requirements related to site
utilization/logistics (site access, pedestrian safety, cool zones
for hot work, etc).
3 Explain how an emergency will be managed.
4 Explain how the emergency management plan will be
implemented.
5 Address a specific construction project/site.
6 Identify equipment requiring specific safety guidelines
(scaffolding, heavy equipment, cranes, etc).
7 Identify procedure for communicating safety policy/concerns
to workers.
8 Require students to complete OSHA 10-hour safety training
and include credential verification in plan.

4.47 0.663

28

88

4.44 0.770
4.38 0.792

28
27

88
84

4.34 0.822
4.34 0.736

28
27

88
84

4.34 1.031

28

88

4.34 0.918

26

81

9 Incorporate specific OSHA guidelines/requirements for
identified safety hazards.

4.31 0.795

26

81

10 Identify procedures for enforcing safety plan (who, what,
when, how).
11 Identify strategies for correcting identified safety violations.
12 Explain safety guidelines/requirements for specific
equipment (.e. crane rigging, scaffolding, etc.)
13 Identify hazardous materials and their specific safety
requirements (SDS).
14 Identify policy & procedures for safety violators (example of
3 strikes you’re out).
15 Include an example toolbox talk & report.

4.31 0.972

27

84

4.25 1.045

27

84

4.00 0.969

21

66

4.00 0.957

21

66

4.03 0.708

22

69

4.00 0.728

21

66

Very Important Learning Criteria
3.88 0.810 19 592
16 Include an example safety incident report.
3.78 0.777 17 532
17 Include an example worker tool training report.
1
3
Complete OSHA 30-hour safety training & include credential WI
verification in plan.
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. n=number of responses
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at the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.

SLO #4. SLO #4 requires students to demonstrate ability to “Create Construction
Project Cost Estimates”. This SLO included 22 criteria for consideration. Item 22 was a
follow-up question for further clarification of responses to criterion 21. It asked
respondents to identify the type and size of construction project that students should be
able to estimate. These were write-in responses so the results varied on the respondent’s
interpretation of both parameters. For project type, the responses varied from very
specific, such as a “Box Store like Office Max” or “Wood Frame Hotel or Dorm” to more
general “Commercial”, “Healthcare”, or “Industrial”. Since construction project types
are typically classified into the categories of commercial, industrial, heavy-civil, or
residential, the responses for project type were re-coded to fit into one of these four
categories (Table 12). Similarly, the responses for “project size” were interpreted
differently – generally either by physical square foot of building area or by project cost.
Because square footage for a particular building type can be converted into a rough
project cost, responses for this parameter were re-coded where necessary to a project
cost. After re-coding of both parameters, the responses were analyzed to find the average
results.
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Table 12
Breakdown of Re-Coding Results for Criterion 22

No.

Project Type
Response

1

All

ReCode
1,2,3,4

2

Commercial

3

Project Size
Response
Re-Code
all

$10K - >$20M

1

1-5 Million

$1M - $5M

Shopping Center

1

300,000 SF

$15M - $30M

4

Wood Frame Hotel or
Dorm with Parking
Structure

1

3 Story Wood
Structure with a 2
Story Parking
Structure. Square
Footage is not
important because
levels 2+ will most
likely be repetitive

$20M - $40M

5

Commercial
Construction; Concrete
& Steel Structure
Industrial, commercial,
institutional, public
Box Store like Office
Max
Hospital

1

$10,000,000 range

+/- $10M

1,2

0-1M; 1-10M;1050M dollars
20,000 Sq. Ft.

$20M - $30M

$10M - $15M

1 or 2

4-stories @ 10-15
million.
15,0000 - 50,000
SF, multi floor
5-10m

6
7
8
9
10

Office Building with
tenant fit out
Historical renovation

1
1
1

$2M - $5M

$5M - $10M
$5M - $10M

11

Commercial Multilevel
Office Space

1

90,000 SF

$10M - $20M

12

Healthcare

1

$10m-$20M

$10M - $20M

13

New Construction
Medical Clinic Building

1

$15 Million

$15M

14

Hard Bid

1, 2,
or 3

2000000

$2M
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Table 12 (Continued)
15

Variety of Types, got to
be ready for anything
thrown your way

1,2, 3,
4

16

various types- mid size 1, 2, 3,
office building, assembly
4
space such as church
sanctuary, schools

Many different
sizes, some of the
smallest jobs can be
the toughest and
some of the biggest
are easier. Practice
with many different
variables

$10K >$20M

$10 million

$10M

17

Small Cap. Industrial
Construction - OGC or
Power Plant Jobs

2

$500,000 to 10
Million

$500K $10M

18

small commercial

1

$1-$2M

$1M - $2M

19

Commercial / Mixed Use

1

30,000 - 50,000 SF

$7M - $10M

20

Commercial/Healthcare

1

20 million >

≤$20M

21

Commercial

1

1 Million Dollars

$1M

22

Commercial

1

Mid size

$10M

23

Commercial Office Bldg
or Education Bldg

1

$4 to $8 million
range.

$4M - $8M

Mode

Commercial

1

Average

$10M - $20M

Note: 1=Commercial, 2=Industrial, 3=Heavy Civil, 4=Residential. Pricing conversions
were done using RS Means Square Foot Costs book 2015 Version.
These criteria, in addition to 15 others, and one write-in response qualified for
advancement to the next round (Table 13). Of the 18 items, six had a mean ranking of
“Absolutely Essential”, while the remaining 9 ranked at “Very Important”. The standard
deviation was less than one for all but two of the criteria; indicating a limited variation of
responses across the range of options.
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Table 13
SLO #4 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
M

SD

n %

Essential Learning Criteria
1 Prepare a scope of sub-contractor work for a given project.

4.77

0.568 29 94

2 Analyze the scope of work for a subcontractor proposal.

4.74

0.683 29 94

3 Complete a material quantity takeoff (i.e. brick, concrete,
roof membrane, etc.)

4.65

0.712 28 90

4 Complete a quantity takeoff for a building assembly (i.e.
exterior wall system, roof system, foundation, etc.)

4.61

0.716 28 90

5 Organize all estimate information into a complete
professional cost estimate proposal.

4.52

0.761 27 87

Very Important Learning Criteria
6 Use industry leading technologies to aid in creating estimates 4.48 0.716 28 90
(i.e. excel, OnScreen Takeoff, iSqFt, MC2, etc.)
7 Estimate direct costs of a complete construction project.
8 Include overhead, profit, and contingency appropriate to a
given construction project.

4.42
4.35

0.833 25 81
0.958 25 81

9 Prepare a formal bid package for a trade area of work on a
project.
10 Estimate indirect costs for a complete construction project.
11 Develop a complete construction estimate based on a given
project size.

4.35

1.030 25 81

4.26

0.832 24 77

4.19

1.100 23 74

12 Use industry emerging technologies to aid in creating
estimates.
13 Estimate labor and equipment costs considering productivity
factors.
14 Estimate building assembly (i.e. curtainwall, foundation, roof
system, etc.) costs for a project using a provided assembly
pricing database.
15 Develop detail cost estimates for a given element of a
building project using a provided pricing database.

4.17

0.846 22 73

4.16

0.707 26 84

4.16

0.871 24 77

4.16

0.907 23 74

16 Illustrate the various elements of a cost estimate utilizing
industry standard practices/formats.

4.00

0.967 22 71

Moderately Important Learning Criteria
17 Develop evaluation criteria for a bid solicitation.
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3.87 1.139 20 652

Table 13 (Continued)
18 Prepare a bid solicitation for procurement of products and
services.

3.74 1.085 19 612

19 Estimate insurance costs associated with the estimated cost
of a construction project.

3.521 1.016 15 482

20 Estimate conceptual square foot costs using a provided
pricing database such as RS Means.

3.481 1.077 17 552

21 Prepare and use construction cost databases.
3.481 0.842 14 452
22 If you ranked question 21 at three or higher please indicate
the type and size of project that you feel should be used.
1 3
Identify companies that can provide certain types of products WI
and services.
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. n=number of responses
at the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.
SLO #5. In this SLO, students must demonstrate ability to “Create construction
project schedules”. This SLO included 26 criteria for consideration – including one
optional item as a follow-up to criterion 25 (Appendix D7). It asked respondents to
identify the number of activities that students should have to include in the schedule they
create. Based on the results, no clear consensus was identified for this criterion. However,
the majority of respondent’s indicated 51 to 100 activities was the appropriate range to
include (Figure 6). While criterion 25 did meet the requirements to advance to the next
round, it had the largest degree of variation (SD = 1.250) among the respondents. This
indicates that respondents are mixed about the level of importance for this item. Given
this, information about the number of activities to include in a schedule may be worth
maintaining awareness, but should likely not take highest priority. In total, there were 17
criteria (Seven that ranked as “Essential”) that met the requirements for advancement and
85

further consideration of importance (Table 14). Other than criterion 25, only one other of
the 17 criteria had a standard deviation above one.

Figure 6.

Number of activities students should include in a construction schedule

Table 14
SLO #5 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential Learning Criteria
1 Identify the critical work activities associated with the
completion of a project.
2 Demonstrate understanding of critical activities
associated with a project.
3
4
5
6

Develop a work sequence for the various elements of a
project.
Create a critical path schedule.
Demonstrate understanding of a project schedule
milestone activities.
Demonstrate understanding of the different elements
of a critical path schedule.
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M

SD

n

%

4.77

0.445

30

100

4.69

0.547

28

97

4.57

0.506

30

100

4.55
4.53

0.630
0.626

28
28

97
93

4.52

0.509

29

100

Table 14 (Continued)
7

Demonstrate understanding of the various activity
relationships/constraints within a project schedule.

Very Important Learning Criteria
8 Establish predecessors and successors of various work
activities.
9 Apply industry leading information technology for
project planning, scheduling, and control (i.e. MS
Project, P6, Navisworks, etc.).
10 Create a three-week look-ahead schedule.
11 Establish accurate durations for project work activities
based on resource requirements & productivity factors.
12 Identify float associated with the project as a whole.
13 Create a Gantt Chart schedule.
14 Include multiple disciplines/activities with a minimum
number of activities.
15 Identify various elements of float associated with
activities.
16 Develop a work breakdown structure for a given
project.
17 Demonstrate understanding of various types of float in
a schedule.

4.50

0.626

28

93

4.40

0.615

28

93

4.27

0.815

23

77

4.23
4.23

0.617
0.833

27
25

90
83

3.90
3.90
3.87

0.846
1.213
1.250

23
20
22

77
67
73

3.87

0.934

20

67

3.83

0.946

20

67

3.77

0.855

20

67

Moderately Important Learning Criteria
3.73 0.864 18 602
18 Create visual presentations of schedule information.
3.73 0.864 18 602
19 Prepare various construction scheduling reports.
3.571 1.030 18 602
20 Demonstrate understanding of lean construction
planning techniques (i.e. Last Planner, Pull Planning,
Weekly Work Plan, etc.)
21 Perform time/cost trade-off analyses of given schedule 3.571 1.092 17 572
delay scenarios.
3.531 0.926 15 502
22 Incorporate associated costs for the various activities
identified in a project schedule.
3.471 0.961 15 502
23 Create oral presentations of schedule information.
3.331 1.013 11 372
24 Demonstrate how to level resources and “crash” a
schedule.
3.131 0.978 9
302
25 Create a network diagram schedule.
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. n=number of responses at the rank of 3:Very Important to Absolutely Essential for
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the criterion. %=percentage of total responses that ranked the criterion at Very Important
to Absolutely Essential.

Round 2 Delphi
After aggregating the results of survey one and identifying some potential
challenges to the approach, the second round survey was developed. Some criteria items
for SLO #4 were combined and eliminated. The initial results for this SLO identified 18
items to be include in this round. However, item six “Use industry leading technologies
to aid in creating estimates (i.e. excel, OnScreen Takeoff, iSqFt, MC2, etc.)” and item
twelve “Use industry emerging technologies to aid in creating estimates” were considered
very similar in nature, and therefore item twelve was removed. As well, items one and
two were essentially the same knowledge domain but asked about different cognitive
domains. Since both were ranked at the top, they were combined into criterion one on this
survey for SLO#4. Items 21 and 22 were combined into one criterion - Item 10 - since
they were related. These changes resulted in 15 items included for consideration of
SLO#4 in this round.
Two other changes were made to this survey based on review of survey one. First,
the Likert scale was modified to be a three-point scale (1 = Little to No Importance), (2 =
Moderately Important), (3 = Very Important to Absolutely Essential) in lieu of a fivepoint scale. Second, it was decided to include newly introduced SLOs with second stage
SLOs to reduce the number of surveys that the participants would be responding. In this
approach the survey instrument now has two parts: Part One included the second stage of
review for SLOs initially ranked in the previous survey, and Part Two included the
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introduction of new SLOs that needed to be ranked using the Likert scale. This change
was clarified to the participants in the email notification.
The second-round Delphi survey (Appendix E) was issued to the panel via email
on July 28, 2016. As with the previous survey, the panel was informed they would have
approximately two weeks to complete survey two. After 12 days from issuance, eight
responses had been received. Subsequently, a reminder email was sent to participants on
August 9, 2016 asking them to please participate if they hadn’t already done so. The
email also clarified that the survey would be open for five more days. On the morning of
August 15, a final email was sent to participants reminding them that the survey would
close at the end of the day and asking them to please participate if they hadn’t already
done so.
The survey included second stage review of criteria items for SLOs 1-5, and stage
one review of SLOs 6-11. The SLOs 6-11 were included together because they are
categorized at the “Analyze” and “Apply” levels of the Bloom’s Taxonomy Cognitive
Domain. These cognitive domains are very close in relationship. In addition, there are
only three SLOs for each of these two domains, which meant the number of SLOs for
participants to respond to were minimal. Therefore, it was felt appropriate to include
them together in the survey.
In this round, for SLOs one through five, participants were asked to identify –
from the list provided – the 10 most important criteria for each SLO. Part two of the
survey that introduces criteria for SLOs 6-11 asked participants to rank each criterion on
a Likert scale from 1 – 3, on its’ level of importance to the particular SLO. Results were
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analyzed to identify criteria that were considered the most important by a consensus of
the panel.
The consensus parameters originally planned to be used for this survey were the
same as the round one survey: a ranking of (M ≥ 3.70) by at least 70% of the respondents.
However, the mean had to be changed from 3.7 to 2.5 to fit the three-point scale used in
this round. The three-point scale also affected the 70% respondent requirement.
Implementing the 70% rule resulted in very few items where consensus was established.
These challenges were recognized by some participants as well, citing “A five-point scale
may derive higher quality answers. Most of the items are very important so no one is
going to select the bottom portion of a three-point scale.” While correct that the threepoint scale was not as robust, it turned out to be the exact opposite situation; very few
participants ranked items at a 3 (Very Important to Absolutely Essential), but chose the
middle option instead. This resulted in very few criterion meeting the consensus rules of
(M ≥ 2.5) by at least 70% of the respondents. Recognizing this shortfall with the
approach, the consensus rules were revised to use a ranking of “Very Important” to
“Absolutely Essential” (M ≥ 2.50) by at least 50% of the respondents. To compensate for
random error, a five percent buffer was included; those criteria with a mean M ≥ 2.45 by
at least 45% of respondents were carried forward to the next stage. In addition to the
buffer, a minimum criteria inclusion rule was implemented. Under this rule, if items
identified by the cut criteria and buffer do not total at least 14 items, then additional
criteria will be added - on a rank order basis - to reach a minimum of 14 criteria that
move forward to stage two. Again, this rule was increased from a minimum of 12 in the
previous round in order to account for potential error in the three-point scale.
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A total of 86 items and 92 items were included among SLOs 1-5 and 6-11
respectively. There were 36 panelists that provided feedback on the second-round survey.
The criteria for SLOs 1-5 were reviewed for incomplete submissions and rank-ordered
based on the mean number of responses received for the item. Those criteria that were
identified by at least 70% of the respondents were acknowledged as a consensus of the
group that the item was essential to the SLO. On this basis, of the original 86 items
included among the five SLOs, a total of 35 (41%) were identified to meet the consensus
criteria for being essential to the SLO in question (Table 9). Full details of the criteria and
their ranking based on the results from rounds one and two can be found in Appendix J.
Table 15
Criteria Identified by Mean Response as Essential for SLOs 1-5

SLO #1 Create written communications appropriate to the
construction discipline.
Essential Learning Criteria
1 Complete a scope-of-work document for a given project.
2 Create a project change order.
3 Create a request for information to a project architect related to a
specific issue.
4 Create a job cost projection report.
5 Tactful documentation of discussions between Contractor,
Subcontractors, Engineers, and Owner.
6 Create a subcontract to a project sub-contractor.
7 Complete a submittal form.

SLO #2 Create oral presentations appropriate to the
construction discipline.
Essential Learning Criteria
1 Demonstrate ability to use appropriate discussion, negotiation, conflict
resolution, and cooperation skills.
2 Demonstrate use of clear organization in oral communications.
91

Delphi
Round 2
N

%

31
29
32

91.2
85.3
94.1

29
28

85.3
82.4

26
24

76.5
70.6

Delphi
Round 2
N

%

32

94.1

31

91.2

Table 15 (Continued)
3 Demonstrate ability to use appropriate communication skills to work
with people of varying backgrounds and experience levels (i.e. clients,
architects, engineers, tradesman, etc.).
4 Organize ideas in a logical and purposeful manner.
5 Plan, prepare, and conduct a project meeting.
6 Demonstrate ability to speak publicly in formal and informal settings.

31

91.2

30

88.2

29
28

85.3
82.4

7 Demonstrate ability to adapt to different audience, setting, and
occasion.

25

73.5

8 Explain ideas in a variety of oral communication interactions (i.e.
meetings, telephone, public, etc.)

24

70.6

SLO #3 Create a construction project safety plan.
Essential Learning Criteria
1 Identify potential job hazards/safety issues (i.e. deep excavations,
confined spaces, etc.).
2 Identify safety requirements related to site utilization/logistics (site
access, pedestrian safety, cool zones for hot work, etc).
3 Address a specific construction project/site.
4 Identify equipment requiring specific safety guidelines (scaffolding,
heavy equipment, cranes, etc).
5 Complete OSHA 30-hour safety training & include credential
verification in plan.
6 Identify procedures for enforcing safety plan (who, what, when, how).

SLO #4 Create construction project cost estimates.
Essential Learning Criteria

Delphi
Round 2
N
%
32

94.1

25

73.5

24
24

70.6
70.6

24

70.6

24

70.6

Delphi
Round 2
N
%

1 Complete a material quantity takeoff (i.e. brick, concrete, roof membrane,
etc.)

31

91.2

2 Use industry leading technologies to aid in creating estimates (i.e. excel,
OnScreen Takeoff, iSqFt, MC2, etc.)

31

91.2

3 Complete a quantity takeoff for a building assembly (i.e. exterior wall
system, roof system, foundation, etc.)

30

88.2

4 Analyze, and Prepare a scope of sub-contractor work for a given project.

26

76.5

5 Estimate direct costs of a complete construction project.

24

70.6

92

Table 15 (Continued)
6 Organize all estimate information into a complete professional cost estimate
proposal.

SLO #5 Create construction project schedules.

24

70.6

Delphi
Round 2
N
%

Essential Learning Criteria
30 88.2
1 Establish predecessors and successors of various work activities.
28 82.4
2 Develop a work sequence for the various elements of a project.
28 82.4
3 Apply industry leading information technology for project planning,
scheduling, and control (i.e. MS Project, P6, Navisworks, etc.).
28 82.4
4 Create a critical path schedule.
26 76.5
5 Identify the critical work activities associated with the completion of
a project.
26 76.5
6 Demonstrate understanding of a project schedule milestone
activities.
25 73.5
7 Demonstrate understanding of critical activities associated with a
project.
24 70.6
8 Create a three-week look-ahead schedule.
Note: n=number of responses at the rank of 3:Very Important to Absolutely Essential for
the criterion. %=percentage of total responses that ranked the criterion at Very Important
to Absolutely Essential.
Responses for the criteria items for the first stage of SLOs 6-11 were reviewed for
inconsistencies and incomplete responses. From the responses provided by the 36
participants, 73 of the original 92 criteria items were included in Stage 2 for further
consideration. In addition to the item ranking responses, this portion of the survey asked
participants to provide write-in responses for items they felt were missing in the survey.
From this, an additional six items were identified to be included in the next stage;
resulting in a total of 79 items to be included in the second stage instrument for SLOs six
through eleven.
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SLO #6. SLO #6 requires students to demonstrate ability to “Analyze
professional decisions based on ethical principles”. This SLO included 13 criteria for
consideration. Although one of the criterion did not meet the cut/consensus requirements
for advancement (Table 16), all 13 criteria were advanced to the next round because of
the minimum criteria inclusion rule. The four write-in responses received did not add any
additional items for consideration. Of the 13 items, 11 had a mean ranking of “Absolutely
Essential to Very Important”. However, only four of the 11 criteria had a standard
deviation below 0.500. Because this round used a three-point ranking scale, a standard
deviation greater than this indicates a larger diversity across the range of responses. As
indicated in the percent response column in the table, nearly half of the respondents chose
a ranking below “Essential to Very Important” for nine of the criteria items.
Table 16
SLO #6 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential to Very Important Learning Criteria
1 Demonstrate an understanding of professional and ethical
responsibilities.

M

SD

n %

2.82

0.390

28 82

2 Identify potential ethical dilemmas associated with
construction related safety scenarios.

2.79 0.480 28 82

3 Identify potential ethical dilemmas associated with
construction related bidding & contract award scenarios.

2.79 0.480 28 82

4 Explain how construction ethics relates to the “professional
image” of the industry.

2.74

5 Identify ethical values commonly associated with the
construction industry today.

2.59 0.500 20 59

6 Identify potential ethical dilemmas associated with
construction related quality scenarios.
7 Explain the contractor’s ethical responsibilities to not hurt the
professional reputation of others.

2.59

0.560

21 62

2.59

0.560

21 62
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0.450

25 74

Table 16 (Continued)
8 Identify potential ethical dilemmas associated with
construction related cost scenarios.

2.56

0.504

19 56

9 Reflect on ethical issues relevant to construction and offer
solution options for the situation.

2.56

0.504

19 56

10 Identify issues related to standards of professional practice,
conflict of interest, and privacy of confidential information.

2.53 0.510 18 53

11 Explain the contractor’s ethical responsibilities to not engage
in deceptive practice or any practice that creates unfair
advantage for the contractor.

2.50

0.620

19 56

Moderately Important Learning Criteria
12 Explain the contractor’s responsibility to provide fair, accurate, 2.441 0.561 16 47
and unbiased advice.
13 Explain ethical responsibilities related to the contractors
obligation of public welfare.

2.291 0.630

13 382

Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. n=number of responses at the rank of 3:Very Important to Absolutely Essential for
the criterion. %=percentage of total responses that ranked the criterion at Very Important
to Absolutely Essential.

SLO #7. SLO #7 asks students to demonstrate ability to “Analyze construction
documents for planning and management of construction processes”. Criteria to be
considered in the SLO were broken into three sections that totaled 28 different items
(Appendix E9). The first section included basic fundamentals, of which there were 15
criteria for consideration. Section two addressed types of construction documents that
students should be able to analyze. This section included seven types of documents. The
last section addressed types of tasks for which students should be able to analyze
construction documents. In this section there were six different tasks to be considered.
Among the three sections a total of 22 criteria met the requirements for
advancement to the next round (Table 17). In section one there were eight criteria that did
95

not meet the requirements for advancement to the next round. However, items 8-11 were
included in the next round because of the minimum criteria inclusion rule. The
respondents indicated that all but one criteria each for section two and three were
essential to very important in demonstrating the SLO. These 11 criteria were included in
the next round survey but were consolidated into two criteria statements for further
consideration. There was one write-in response that was included as well; resulting in a
total of 14 items for consideration in the next round for this SLO.
Table 17
SLO #7 Round One Criteria Ranking Listed in Order of Importance

Section One
Delphi Round 1
M

SD

n

%

2.94
2.94

0.242
0.242

31
31

94
94

2.88

0.331

29

88

4 Critically review construction docs for errors,
inconsistencies, & missing info.

2.85

0.364

28

85

5 Identify project requirements for material submittals review
and approval process.

2.67

0.479

22

67

6 Identify requirements/processes for review and approval of
project changes.

2.58

0.502

19

58

7 Identify project payment requirements/process illustrated in
construction docs.

2.55

0.506

18

55

2.441

0.564

15

47

2.421

0.561

15

45

Essential to Very Important Learning Criteria
1 Read and interpret project specifications.
2 Relate project specifications to the contract drawings.
3 Review plans, specs, and contracts to identify trade related
work requirements.

Moderately Important Learning Criteria
8 Identify the different stages of construction document
development.a
9 Identify QC/QA requirements/processes illustrated in
construction documents.a
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Table 17 (Continued)
10 Identify industry graphic standards needed by the
construction profession (i.e. detailing, dimensioning, note
placement).a
11 Use and manipulate BIM and other emerging technologies
to interpret information project information.a
Little to Not Important Learning Criteria
12 Explain the purpose and related documents of each stage
of construction document development.
13 Explain the purpose and organization structure of CSI
Masterformat.
14 Explain the purpose and organization structure of CSI
Uniformat.
15 Utilize BIM and other emerging technologies to create
project models.
Identify discrepancies between project specifications and
drawings.

2.361

0.653

15

45

2.331

0.736

16

48

2.331

0.540

12

362

2.251

0.440

8

252

2.191

0.535

8

252

2.091

0.805

12

362

1

3

WI

Section Two
Delphi Round 1
Essential to Very Important Learning Criteria
Read and interpret information illustrated in:
1
Structural Drawings
2
3
4
5
6

Architectural Drawings
Shop Drawings
Civil Drawings
Mechanical, Electrical, Plumbing Drawings
Fire Protection Drawings

Moderately Important Learning Criteria
7
Landscape Drawings

M

SD

n

%

2.91

0.292

30

91

2.88
2.88

0.415
0.331

30
29

91
88

2.79

0.415

26

79

2.55

0.564

19

58

2.45

0.620

17

52

2.311

0.693

14

442

Section Three
Delphi Round 1
Essential to Very Important Learning Criteria
Extract information from project drawings for the execution of
the following tasks:
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M

SD

n

%

Table 17 (Continued)
1
2
3
4
5

Cost Estimate Development
Schedule Development
Site Logistics Development
Constructability Analysis
Safety Evaluation

2.94

0.242

31

94

2.85

0.364

28

85

2.76

0.502

26

79

2.58

0.561

20

61

2.55

0.564

19

58

Moderately Important Learning Criteria
2.361 0.653 15 45
6
Risk Analysis
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. a=Criterion were included in the next round due to the minimum criteria inclusion
rule. WI=indicates a write-in response and these criteria were automatically moved to the
next round for further consideration by the panel participants. n=number of responses at
the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.
SLO #8. SLO #8 asks students to demonstrate ability to “Analyze methods,
materials, and equipment used to construct projects”. This SLO included 25 criteria
between two sections (Appendix E10). The first section included basic fundamentals, of
which there were 19 criteria for consideration. Section two addressed types of building
systems that students should be able to analyze. This section included six types of
building systems.
Among the two sections, a total of 18 criteria met the minimum requirements for
advancement to the next round (Table 18). In the first section there were ten criteria that
met both requirements for advancement. Criteria 11-13 met the consensus requirements
but did not meet the mean M ≥ 2.45 cut limit. However, these three criteria were
advanced to the next round to meet the minimum criteria inclusion requirement. This
seemed reasonable considering the consensus requirement was met and there was a pretty
even response split between rank two and three for these criteria. The respondents
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indicated that all but one criteria for section two were essential to very important in
demonstrating the SLO. These five criteria were included in the next round survey but
were consolidated into two criteria statements for further consideration. There was one
write-in response that was included as well; resulting in a total of 16 criteria items for
consideration in the next round for this SLO.
Table 18
SLO #8 Round One Criteria Ranking Listed in Order of Importance

Section One
Delphi Round 1
Essential to Very Important Learning Criteria
1 Relate the sequence of construction activities and
importance of safety.
2 Identify trades needed for common building systems.
3 Identify assembly process for common building systems.
4 Identify the implications on cost, labor, time, and
constructability of a given material/assembly based on a
specific project.
5 Identify cost associated with common building systems.
6 Identify quality control concerns specific to different
materials/assemblies.
7 Identify different types of equipment common to most
construction projects (i.e. earth-moving, excavation, cranes,
concrete installation, etc).
8 Explain how the choice of selected materials/assemblies
affect the logistics plan for a project.
9 Interpret information on soil reports and explain how it
impacts the choice of materials, methods, and equipment.
10 Explain the purpose of different types of equipment
common to most construction projects (i.e. earth-moving,
excavation, cranes, concrete installation, etc).
Moderately Important Learning Criteria
11 Identify manpower needs for common building systems.a
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M
2.81

SD

n %

0.397

26 81

2.75

0.440

24 75

2.72
2.66

0.457

23 72
22 69

2.59
2.53

0.560
0.567

20 63
18 56

2.47

0.621

17 53

2.53

0.507

17 53

2.47

0.671

18 56

2.47

0.621

17 53

2.411

0.665

16 50

0.545

Table 18 (Continued)
12 Interpret information from building codes and standards and 2.381
how that impacts materials, methods, and equipment for a
project.a
13 Explain how soils attributes impact materials/assemblies
2.341
a
chosen for a project.
14 Identify availability of resources based on project location. 2.341
15 Explain how climatic conditions impact selection of
materials, methods, and equipment for a project.
16 Explain how soil attributes impact equipment choices for
construction project.
17 Identify specific tool & equipment requirements for
common building systems.
18 Explain unique attributes of common roofing systems.
19 Identify production capabilities of different types of
equipment common to most construction projects (i.e.
earth-moving, excavation, cranes, concrete installation,
etc).
Identify and explain the makeup and purpose of different
wall assemblies (i.e. fire walls, shaft walls, sound walls).

0.707

16 50

0.701

15 47

0.602

13 412

2.311

0.644

11 342

2.191

0.693

10 312

2.191

0.592

9 282

2.161
2.161

0.677

9 282
13 412

0.628

WI

1

3

Section Two
Delphi Round 1
Essential to Very Important Learning Criteria
Explain unique attributes of the following building systems:
1
Foundations
2
Steel Frame Construction
3
Wall Systems
4
Roofing
5
Masonry Construction

M

SD

2.84
2.81
2.71
2.68
2.58

0.374
0.402
0.529
0.541
0.564

n %
26
25
23
22
19

84
81
74
71
61

Moderately Important Learning Criteria
6
Wood Frame Construction
2.231 0.617 10 322
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. a=Criterion were
included in the next round due to the minimum criteria inclusion rule. n=number of
responses at the rank of 3:Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
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SLO #9. This SLO begins the first of three SLOs at the Bloom’s Taxonomy
cognitive level of apply. It asks students to demonstrate ability to “Apply construction
management skills as a member of a multi-disciplinary team”. As represented by the
minimal number of criteria, this was arguably the most difficult SLO for participants to
define. A total of eight criteria were included for consideration (Appendix E11). Of the
eight items, seven scored at the minimum requirement level and the eighth item met the
cut requirements under the five percent buffer rule (Table 19). There was one write-in
response that was added for consideration in the next round, bringing a total of nine
criteria for further consideration in round two. Out of the nine criteria; two, five, six,
seven, and the last are more specifically focused on the construction management
discipline. The remaining four could be considered more general fundamentals of
working in teams that could apply to other disciplines. Criteria taking the top four
ranking slots suggest skills that promote positive team communication and production
skills while the remaining criteria are more focused on task specific skills.
Table 19
SLO #9 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential to Very Important Learning Criteria
1 Engage in collaborative problem solving and solution
processes while maintaining ethical standards.
2 Demonstrate ability to effectively plan, organize, schedule,
execute, and lead construction management related tasks in a
team environment.
3 Productively engage in team conflict resolution.
4 Use team-building and management behaviors to lead a team
task that results in effective team performance.
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n

%

2.94 0.246 30

94

2.88 0.336 28

88

2.69 0.471 22
2.69 0.535 23

69
72

M

SD

Table 19 (Continued)
5 Demonstrate ability to participate as an effective team member 2.59 0.560 20 63
during the design phase of a project.
2.59 0.560 20 63
6 Engage in constructability reviews as an integrated team
member.
7 Identify the roles and responsibilities of key members involved 2.50 0.568 17 53
with a multi-discipline team in the built environment.

8 Demonstrate ability to assess performance of the team, team
members, and project.
Identify common barriers to effective multi-disciplinary teams
in the built environment.

2.47 0.567 16

50

WI

3

1

Note: WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. n=number of responses
at the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.
SLO #10. SLO #10 asks students to demonstrate ability to “Apply electronicbased technology to manage the construction process”. This SLO included 34 criteria
between two sections (Appendix E12). The first section included basic fundamentals, of
which there were 22 criteria for consideration. Section two included 12 types of software
that students should be able to apply.
Among the two sections, a total of 20 criteria were advanced to the next round
(Table 18). In the first section there were nine criteria that met both requirements for
advancement. Criteria 10-12 met the consensus requirements but did not meet the mean
M ≥ 2.45 cut limit. However, these three criteria were advanced to the next round to meet
the minimum criteria inclusion requirement. This seemed reasonable considering the
consensus requirement was met and there was a pretty even response split between rank
two and three for these criteria.
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In the second section, 3 of the 11 criteria met the minimum cut and consensus
requirements for advancement. There were five criteria ranked at the moderately
important level. These criteria did not meet the minimum requirements for further
consideration. However, these five criteria are commonly included in construction
management programs. As such, it seemed important to give credence to this and
advance them to the next round for further consideration. The last four criteria in this
section had a ranking M < 2.00 and scored a ranking of three by fewer than twenty
percent of the respondents. Further, these items are not as commonly included in
construction management programs and therefore, were felt appropriate to exclude from
the next round. The eight criteria that advanced from this section were consolidated into
three new criteria for the next round. There were two write-in response included as well;
resulting in a total of 15 criteria items for consideration in the next round for this SLO.
Table 20
SLO #10 Round One Criteria Ranking Listed in Order of Importance

Section One
Delphi Round 1
Essential to Very Important Learning Criteria
1
Demonstrate ability to use basic technology in the work
environment (laptops, tablets, cell phones, printers, etc.).
2
Demonstrate ability to use technology to manage project
information.
3
Utilize technology to visually communicate project
information.
4
Identify technology used for management of project
information (PlanGrid, Bluebeam, ProCore, P6, etc.).
5
Identify technology used for scheduling practices.
6
Identify technology used for estimating practices.
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n %

M

SD

2.78

0.491

26

97

2.69

0.471

22

69

2.66

0.483

21

66

2.63

0.492

20

63

2.59
2.50

0.499
0.622

19
18

59
56

Table 20 (Continued)
Moderately Important Learning Criteria
7
Identify benefits associated with the use of BIM.
8
Explain the purpose of technology used for visual
communication (EarthCam, Drones, PlanGrid, Photos,
Videos, Laser Scanning, 3D Printing, etc.)
9
Identify technologies used in the on-site management of
materials, people, & equipment.
10 Utilize BIM to facilitate collaboration/communication
across disciplines.a
11 Identify challenges associated with the use of BIM.a
12 Utilize BIM tools to execute model element coordination
issues (clash detection).a
Moderately Important Learning Criteria
13 Explain the use of cloud-based technology in the
management of construction projects.
14 Identify the trending uses of BIM in the construction
industry.
15 Use BIM software for modeling building elements that
include necessary information for the discipline.
16 Identify the difference between “visualization” and
“information” in electronic project modeling.
17 Demonstrate ability to use design software (AutoCAD,
Adobe – photoshop, illustrator, etc.).
18 Identify types of software that are used for
“visualization” and those used for “information”.
19 Identify current industry trends in types of BIM software
adoption.
20 Utilize BIM tools to execute project schedule
visualization (4D BIM).
21 Utilize BIM tools to execute project cost visualization
(5D BIM).
Little to Not Important Learning Criteria
22 Identify the uses and benefits of BIM in facilities
management (6D BIM).
Demonstrate ability to use at least one common industry
estimating software (MC2, Timberline, etc.).
Demonstrate ability to use at least one common industry
markup/tracking/communication software (Bluebeam,
PlanGrid, Acrobat, etc).
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2.47

0.621

17

53

2.47

0.621

17 53

2.47

0.567

16

50

2.381

0.707

16

50

2.381
2.341

0.707
0.701

16
15

50
47

2.341 0.602

13 412

2.221 0.706

12 382

2.161 0.723

11 322

2.161 0.677

10 312

2.131 0.707

10 312

2.091 0.734

10 312

2.091 0.641

8 252

2.031 0.740

9 282

1.911 0.734

7 222

1.871 0.670

5 162

WI

2

6

WI

4

12

Table 20 (Continued)

Section Two
Delphi Round 1
Essential to Very Important Learning Criteria
Demonstrate ability to use the following types of software:
1
MS Word & Excel
2
OnScreen Takeoff
3
P6
Moderately Important Learning Criteria
4
MS Project
5
MS Powerpoint
6
7
8

Autodesk Revit
Autodesk BIM 360
Autodesk Navisworks

M

SD

n %

2.94
2.64
2.53

0.242
0.653
0.507

31 94
24 73
17 53

2.221 0.792
2.151 0.712

14 442
11 332

2.091 0.689
1.971 0.728
1.941 0.716

9 282
8 242
7 222

Little to Not Important Learning Criteria
9
MS Prolog
1.811 0.693 5 162
10
Assemble Systems
1.741 0.729 5 162
11
Trimble Sketchup
1.661 0.602 2 62
12
Trimble Vico Office
1.471 0.507 0 0
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. a=Criterion were
included in the next round due to the minimum criteria inclusion rule. b=Criterion was
included in the next round because it is commonly included in CM programs and should
be further evaluated to reduce the possibility of a Type I error. n=number of responses at
the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.
SLO #11. SLO #11 asks students to demonstrate ability to “Apply basic
surveying techniques for construction layout and control”. Criteria to be considered in the
SLO were broken into four sections that totaled 38 different items (Appendix E13). The
first section included eight criteria encompassing fundamentals to interpret and explain
information from various project sources. Section two addressed abilities to explain the
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purpose of different surveying tools and nomenclature. This section included 18 criteria.
The third section addressed eight types of surveying tools for which students should be
able to use. The last section included four types of surveying tasks that a student should
be able to execute.
Across the four sections there were six, twelve, four, and one criteria,
respectively, that met the requirements for advancement to the next round (Table 17).
The responses indicate that the most important surveying techniques are the ability to
read and interpret civil drawings and understanding the people and process involved in
construction site layout. Understanding the purpose of key site layout markers like
benchmarks, elevations, and property lines are high in importance. The responses
indicated that a student should know how to use common site layout tools like a laser
level and total station to execute basic layout tasks such as setting points and elevations
from a benchmark. However, more complex tasks such as differential leveling and
closing a loop are moderately important.
Table 21
SLO #11 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
M

SD

n %

2.75

0.440

24 75

2.75

0.440

24 75

3 Explain the site layout process for a given project (grading, 2.72
building, utilities, paving, etc.).

0.457

23 72

Essential to Very Important Learning Criteria
1 Read and interpret information on civil drawings
(topography, elevations, easements, setbacks, etc.).
2 Explain roles of responsibilities of various professionals in
site work layout (surveyor, earthwork contractor, paving
contractor, etc.)
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Table 21 (Continued)
4 Read and interpret slope information on civil drawings
(pavements, pipes, landscape, etc).

2.63

0.492

20 63

5 Explain the purpose of the different civil drawings and
common information found on each (grading, paving,
utility, etc.).
6 Read and interpret information on site layout markers
(grade stakes, hubs, etc.).

2.56

0.504

18 56

2.47

0.507

15 47

0.759

10 312

0.695

7 222
1 3

Moderately Important Learning Criteria
2.061
7 Interpret information provided on a legal property survey
description (township, section, range, etc.).
1.971
8 Demonstrate ability to execute a topographic survey.
WI
Review placement of site layout markers for accuracy to
plan & specification requirements (i.e. is the layout correct
per the plans and specifications).

Section Two
Delphi Round 1
Essential to Very Important Learning Criteria
Explain the purpose of the following:
1
Elevations
2
Benchmarks
3
Property Lines
4
Offsets

M

SD

2.70
2.55
2.55
2.45

0.585
0.564

Moderately Important Learning Criteria
5
Invert Elevations
6
Easements
7
Setbacks
8
Laser Level
9
Builders Level
10
Grade Stakes
11
Total Station

2.421
2.421
2.361
2.421
2.361
2.331
2.301

0.708

1

0.761

12
13
14
15
16

GPS
Transit/Theodolite
Grade Rod
Batter Boards
Colored Ribbons

2.27
2.301
2.301
2.271
2.151
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0.564
0.711

0.614
0.653
0.708
0.653
0.692
0.728
0.684
0.684
0.674
0.712

n %
25
19
19
19

76
58
58
58

18
16
15
18
15
15
15

55
48
45
55
45
45
45

15
14
14
13
11

45
422
422
392
332

Table 21 (Continued)
17
18

2.091 0.678
2.091 0.631

Nail Markers
Hubs

9 272
8 242

Section Three
Delphi Round 1
Essential to Very Important Learning Criteria
Use the following to layout a site/building:
1
Grade Rod
2
Laser Level
3
Total Station
Moderately Important Learning Criteria
4
Transit Theodolite
5
Builders Level
6
Grade Stakes & Ribbons
7
String Line
8
Batter Boards

M

SD

n %

2.48
2.45
2.45

0.619

18 55
18 55
17 52

2.381
2.361
2.361
2.331
2.211

0.660

0.666
0.617

0.603
0.603
0.645
0.650

15
14
14
14
11

47
422
422
422
332

Section Four
Delphi Round 1

n %
Essential to Very Important Learning Criteria
M
SD
Execute the following layout/surveying tasks:
Moderately Important Learning Criteria
1
Setting points and elevations from a benchmark
2.391 0.704 17 52
2
Differential Leveling
2.211 0.696 12 362
3
Measuring horizontal and vertical placement
2.211 0.650 11 332
4
Closing a loop
2.061 0.659 8 242
Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. n=number of responses
at the rank of 3:Very Important to Absolutely Essential for the criterion. %=percentage of
total responses that ranked the criterion at Very Important to Absolutely Essential.
Round 3
Round three (Appendix E) was issued to the panel via email on August 25, 2016.
As with the previous survey, the panel was informed they would have approximately two
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weeks to complete the survey. On the morning of September 1, a review of results
identified 10 responses. Subsequently, a reminder email was sent out to the panel asking
them to participate. Eleven additional responses were received within the next 24 hours
and another eight came in over the next 10 days for a total of 29 responses. However, of
the 29 responses six did not complete the survey, resulting in 23 valid responses.
This survey included stage two for SLOs 6-11 and stage one for SLOs 12-16.
After aggregating the results of survey two and identifying some potential challenges to
the revised approach for SLOs 6-11, the third-round survey was developed. In this
survey, the Likert scale for SLOs 12-16 was changed back to a five-point scale to match
the scale used in the round one survey instrument. This change was made in recognition
of the challenges identified with the three-point scale used in the second part of survey
round two. This change was clarified to the participants in the email notification.
In this round, for SLOs 6-11, participants were asked to identify – from the list
provided – the 10 most important criteria for each SLO. Because many of these SLOs had
multiple parts in the previous survey, a number of criteria that were identified to move
forward were consolidated into one criterion to simplify the criteria options for the
second stage of consideration in this survey. Part two of the survey that introduces
criteria for SLOs 12-16 asked participants to rank each criterion on a Likert scale from 1
– 5, on its’ level of importance to the particular SLO. Results were analyzed to identify
criteria that were considered the most important by a consensus of the panel. Consensus
of the panel was established using a ranking of “Very Important” to “Absolutely
Essential” (M ≥ 3.50) by at least 70% of the respondents. To compensate for random
error, a five-point buffer was included; those criteria with a mean M ≥ 3.45 by at least
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65% of respondents were carried forward to the next stage. In addition to the buffer, a
minimum criteria inclusion rule was implemented. Under this rule, if items identified by
the cut criteria and buffer do not total at least 12 items, then additional criteria will be
added - on a rank order basis - to reach a minimum of 12 criteria that move forward to
stage two.
A total of 79 items and 87 items were included among SLOs 6-11 and 12-16
respectively. The criteria for SLOs 6-11 were reviewed for incomplete submissions and
rank-ordered based on the mean number of responses received for the item. Those criteria
that were identified by at least 70% of the respondents were acknowledged as a
consensus of the group that the item was essential to the SLO. On this basis, of the
original 79 items included among the six SLOs, a total of 53 (67%) were identified to
meet the consensus criteria for being essential to the SLO in question (Table 10). Full
details of the criteria and their ranking based on the results from Stage one and two can
be found in Appendix J.
Table 22
Criteria Identified by Mean Response as Essential for SLOs 6-11

SLO #6 Analyze professional decisions based on ethical
principles.

Delphi
Round 2

Essential Learning Criteria
1 Identify ethical values commonly associated with the construction
industry today.

N

%

20

87

2

Identify issues related to standards of professional practice, conflict of
interest, and privacy of confidential information.

20

87

3

Identify potential ethical dilemmas associated with construction related
safety scenarios.

19

83

4

Identify potential ethical dilemmas associated with construction related
bidding & contract award scenarios.

19

83
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5

Demonstrate an understanding of professional and ethical
responsibilities.

18

78

6

Identify potential ethical dilemmas associated with construction related
quality scenarios.
Identify potential ethical dilemmas associated with construction related
cost scenarios.

19

83

19

83

Explain the contractor’s ethical responsibilities to not engage in
deceptive practice or any practice that creates unfair advantage for the
contractor.
Explain how construction ethics relates to the “professional image” of
the industry.

19

83

16

70

10 Explain the contractor’s responsibility to provide fair, accurate, and
unbiased advice.

16

70

11 Reflect on ethical issues relevant to construction and offer solution
options for the situation.

14

70

7
8

9

SLO #7 Analyze construction documents for planning and
management of construction processes.
Essential to Very Important Learning Criteria
1 Read and interpret project specifications.
2 Review plans, specs, and contracts to identify trade related work
requirements.

Delphi
Round 2
N

%

22

95.7

21

91.3

3 Critically review construction docs for errors, inconsistencies, &
missing info.

20

87

4 Read and interpret information illustrated in civil, architectural,
structural, MEPFP, and shop drawings.

20

87

5 Extract information from project drawings for the execution of cost and
schedule development, constructability analyses, safety evaluation, risk
analysis, and site logistics planning.

19

82.6

6 Relate project specifications to the contract drawings.
7 Identify discrepancies between project specifications and drawings.

16
18

69.6
78.3

8 Identify requirements/processes for review and approval of project
changes.

18

78.3

9 Identify project requirements for material submittals review and
approval process.

16

69.6
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SLO #8 Analyze methods, materials, and equipment used to
construct projects.
Essential to Very Important Learning Criteria
1 Relate the sequence of construction activities and importance of safety.
2 Identify the implications on cost, labor, time, and constructability of a
given material/assembly based on a specific project.

Delphi
Round 2
N

%

21

91

19

83

3 Identify assembly process for common building systems.
4 Identify and explain attributes associated with common foundation,
heavy steel, exterior wall, and roofing systems.

19
17

83
74

5 Identify trades needed for common building systems.
6 Identify quality control concerns specific to different
materials/assemblies.

16
16

70
70

SLO #9 Apply construction management skills as a member of a
multi-disciplinary team.
Essential to Very Important Learning Criteria
1
Demonstrate ability to effectively plan, organize, schedule, execute,
and lead construction management related tasks in a team
environment.

Delphi
Round 2
N

%

23 100

2
3

Productively engage in team conflict resolution.
Engage in collaborative problem solving and solution processes while
maintaining ethical standards.

22 100
22 96

4

Demonstrate ability to participate as an effective team member during
the design phase of a project.

21

91

5

Use team-building and management behaviors to lead a team task that
results in effective team performance.

20

87

6
7

Engage in constructability reviews as an integrated team member.
Identify the roles and responsibilities of key members involved with a
multi-discipline team in the built environment.

20
20

87
87

8

Demonstrate ability to assess performance of the team, team members,
and project.

18

78
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SLO #10 Apply electronic-based technology to manage the
construction process.
Essential to Very Important Learning Criteria
1
Demonstrate ability to use at least one common industry QTO
software (OnScreen Takeoff, PlanSwift, etc.).
2
Demonstrate ability to use at least one common industry scheduling
software (MS Project, P6, etc.).
3
Demonstrate ability to use at least one common industry
markup/tracking/communication software (Bluebeam, PlanGrid,
Acrobat, etc).
4
5
6
7
8
9

Demonstrate ability to use standard Microsoft Office products
(word, excel, powerpoint).
Identify technology used for management of project information
(PlanGrid, Bluebeam, ProCore, P6, etc.).
Identify technology used for estimating and scheduling practices.
Demonstrate ability to use basic technology in the work
environment (laptops, tablets, cell phones, printers, etc.).
Utilize technology to visually communicate project information.
Demonstrate ability to use at least one common industry estimating
software (MC2, Timberline, etc.).

SLO #11 Apply basic surveying techniques for construction
layout and control.

Delphi
Round 2
N

%

20

87

20

87

20

87

18

78

17

74

17
16

74
70

16
16

70
70

Delphi
Round 2

Essential to Very Important Learning Criteria
1
Read and interpret information on civil drawings (topography,
elevations, easements, setbacks, etc.).

N

%

22

95.7

2

Review placement of site layout markers for accuracy to plan &
specification requirements (i.e. is the layout correct per the plans and
specifications).

22

95.7

3

Read and Interpret slope information on civil drawings (pavements,
pipes, landscape, etc.).

21

91.3

4

Explain the purpose of the different civil drawings and common
information found on each (grading, paving, utility, etc.).

21

91.3

5

Interpret information provided by and explain the purpose of:
benchmarks, elevations, offsets, setbacks, easements, property lines.

21

91.3
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6

Read and interpret information on site layout markers (grade stakes,
hubs, etc.).

20

87

7

Identify and explain the purpose of common instruments used in
construction layout and control (builders level, total station, GPS,
grade rod, etc.).

19

82.6

8

Execute common surveying and layout tasks (set points & elevations,
leveling, squaring building corners, etc.).

19

82.6

9

Explain the site layout process for a given project (grading, building,
utilities, paving, etc.).

18

78.3

10

Explain roles of responsibilities of various professionals in site work
layout (surveyor, earthwork contractor, paving contractor, etc.)

17

73.9

This round begins the investigation for SLOs at the “understand” level of Bloom’s
cognitive ability. Round three included 87 total criteria items for stage one of SLOs 1216. Responses for these items were reviewed for inconsistencies and incomplete
responses. From those provided by the 23 participants, 66 of the original 87 criteria items
were advanced to Stage 2 for further consideration. In addition to the item ranking
responses, this portion of the survey asked participants to provide write-in responses for
items they felt were missing in the survey. This resulted in one additional item to be
included in the next stage for a total of 67 items to be included in the second stage
instrument for SLOs 12-16.
SLO #12. SLO #12 asks students to demonstrate that they “Understand different
methods of project delivery and the roles and responsibilities of all constituencies
involved in the design and construction process”. This SLO included 22 criteria to be
considered across two sections (Appendix F9). The first section included basic
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fundamentals of project delivery related to contract formats and communication chains.
There were 11 criteria for consideration in this section. Section two included 11 types of
professionals for which students should be able to explain their roles and responsibilities.
Among the two sections, 21 items were advanced to the next round (Table 23). In
section one, all the items were advanced to the next round despite three of them falling
short on the consensus requirement. All items in this section did meet the cut
requirements for advancement to the next round, however, no items scored at the
“Absolutely Essential” level for this section. Out of the 11 professionals listed in section
two, all types except for Interior Designers and Material Suppliers/Fabricators were
identified as essential to demonstrating the SLO. These nine criteria were combined into
one criterion item for the stage two survey instrument.
General Contractor and Construction Manager received the two highest scores
respectively, of the professionals listed. However, this is not surprising since the panel of
experts were all contactors and the BCS program is preparing future professionals that
will primarily work as these two types of professionals. Following closely behind these
two, was Architect (M=4.52) and various Engineering professionals. Respondents were
also offered the opportunity to include write-in responses but none were received for this
SLO.
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Table 23
SLO #12 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
M

SD

n %

4.17

0.82

19 83

2 Explain the contractual organization of the parties in each
project delivery method.

4.13

0.80

17 74

3 Identify common project delivery methods based on the
project type and/or client type.

4.13

0.80

18 78

4 Identify the major parties involved in each project delivery 4.09
method.

0.72

18 78

5 Explain differences between the various project delivery
4.05
methods.
6 Explain typical goals & expectations of the common parties 4.00
involved in a project

0.82

15 68

0.72

19 83

3.96

0.86

16 70

8 Explain how the different parties are intended to
collaborate in each project delivery method.

3.96

0.69

17 74

9 Explain how the delivery process of a project changes
based on the type of project delivery method.
10 Explain why a project delivery method might be more
appropriate than another for a given project.

3.91

0.93

14 612

3.87

0.80

14 612

11 Explain the intended communication structure between the 3.83
parties in each project delivery method.

0.76

14 612

Essential Learning Criteria a
Very Important Learning Criteria
1 Identify the different types of project delivery methods
(DBB, DB, CM, IPD)

Moderately Important Learning Criteria
7 Explain advantages and disadvantages for the various
project delivery methods.

Section Two
Delphi Round 1
Essential Learning Criteria
Identify & explain the roles, responsibilities, and what to expect
of the following individuals:
1
General Contractor
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M

SD

n %

4.78

0.51

22 96

Table 23 (Continued)
4.65
4.52

0.56
0.65

22 96
21 91

4.39
4.35
4.30
4.26

0.63

0.69

21
21
20
20

Moderately Important Learning Criteria
8
Consultants (Soils Engineer, Surveyor, etc)

3.96

0.95

16 70

9

3.96

0.75

16 70

2
3
4
5
6
7

Construction Manager
Architect
Very Important Learning Criteria
Structural Engineer
Civil Engineer
Specialty Contractors (MEP, Concrete, Steel, etc)
MEP Engineers

Property Developer/Client

0.67
0.64

91
91
87
87

10
Materials Suppliers/Fabricators
3.91 0.93 14 612
11
Interior Designer
3.001 0.83
7 302
Note. a = there were no criteria that were scored as essential for this SLO, 1=Criterion did
not meet the mean cut limit for consideration in next round. 2=Criterion did not meet the
minimum consensus criteria to be considered for the next round. n=number of responses
at the rank of 4 to 5: Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
SLO #13. In this SLO, students must demonstrate that they “Understand
construction risk management”. This SLO included 13 criteria for consideration
(Appendix F10). It asked respondents to identify the types of construction risk that
students should demonstrate understanding in. Based on the results, 10 of the 13 items
were clearly identified as essential to the SLO (Table 24). Two additional criteria met the
mean cut score rule but fell just below the line for consensus. One of these items related
to identifying risk associated with architects and engineers. This was one of three items
like this. The other two required the same functions for contractors and clients – both of
which were ranked in the top three spots. The other item related to identifying tools used
by contractors for risk management. Because these two items did meet one of the two
rules and were very close on the consensus rule, they were advanced to the second stage
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for further consideration. Overall, the scores for the other items were fairly strong with
seven of the ten receiving above a 4.00 ranking by over 70% of the respondents. The
items that scored highest suggest students should be able to identify different elements of
risk and be able to identify and explain tools for mitigating risk. Respondents were also
offered the opportunity to include write-in responses but none were received for this
SLO.
Table 24
SLO #13 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential Learning Criteria
1 Identify & explain common elements of risk for contractors
(cost, time, quality, safety, etc).

n

M
4.52

SD
0.69

%
20 87

4.26

0.67

20 87

4.26

0.85

17 74

4 Explain how risk and risk management can impact a
construction company/project.

4.22

0.66

20 87

5 Explain strategies used by contractors for mitigating
common elements of risk.

4.22

0.66

20 87

6 Identify different types of risk associated with the different
stages of a construction project.

4.17

0.76

18 78

7 Identify & explain the purpose of performance, and
payment bonding.

4.09

0.79

16 73

8 Identify & explain common elements of risk for architects,
and engineers (errors/omissions, life safety).

4.00

0.83

15 65

3.96

0.69

17 74

3.91

0.65

17 74

Very Important Learning Criteria
2 Explain the role contracts play in defining & assigning
project risks.
3 Identify & explain common elements of risk for
owners/clients (cost, time, unforeseen conditions,etc.).

Moderately Important Learning Criteria
9 Identify & explain the different types of insurance required
by contractors.
10 Explain how levels of risk can change based on the project
location.
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11 Explain the role of contingency action plans in risk
3.91 0.72 16 70
management.
12 Identify tools and techniques used for risk management.
3.87 0.74 15 652
13 Explain the four stages of risk management: assess, analyze, 3.87 0.80 14 612
mitigate, control.
Note. 2=Criterion did not meet the minimum consensus criteria to be considered for the
next round. n=number of responses at the rank of 4 to 5: Very Important to Absolutely
Essential for the criterion. %=percentage of total responses that ranked the criterion at
Very Important to Absolutely Essential.
SLO #14. SLO #14 requires students to demonstrate that they “Understand
construction accounting and cost control”. This SLO included 23 criteria for
consideration (Appendix F11) and 11 of them met the requirements for advancement to
the next stage (Table 25). Most of these items related to billing processes and procedures,
change orders, and individuals involved in the process. Defining a change order, and
explaining its role in a project tied for the two highest spots in the ranking (M=4.61).
There was one additional item that met the requirements for advancement when
considering the buffer allowance of 65% for consensus.
Of the 12 total items, three had a mean ranking of “Absolutely Essential”, seven
fell in the “Very Important” range, and the last two at “Moderately Important”. In
addition to these twelve criteria, there was one write-in response that created an
additional criterion for consideration. It required students to “understand the difference
between general and administrative cost versus job cost overhead.
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Table 25
SLO #14 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
SD

n

%

4.61 0.64
4.61 0.64
4.57 0.65

21
21
21

91
91
91

4.43 0.65

21

91

4.39 0.71

20

87

6 Explain how change orders can impact the cost control
process of a project.

4.35 0.70

20

87

7 Explain how cost projections impact the operation of a
company.
8 Explain the concept of project cost projections.
9 Identify & explain the role of persons/positions in a
construction company typically responsible for project
change orders, cost projections, job cost tracking, etc.

4.26 0.67

20

87

4.26 0.74

19

83

4.22 0.83

17

74

10 Summarize billing processes based on contract requirements. 4.04 0.75 17

74

Moderately Important Learning Criteria
11 Explain the role of liens & lien waivers in the billing process. 3.91 0.72 16
3.91 0.85 13
12 Explain the purpose of a cost control plan for a project.
13 Discuss the relationship between the accounting process and 3.78 0.98 15
project cost control.

70
592
65

Essential Learning Criteria
1 Define a change order.
2 Explain the role of a change order in a project.
3 Explain what a statement/schedule of values is for a project.
Very Important Learning Criteria
4 Summarize the process for executing a change order.
5 Explain how the billing process commonly works for a
construction project.

14 Explain the common cost accounting concepts (expenditures,
incurred costs, commitments, cost allocation, activity-based
costing).
15 Explain the role of chart/code of accounts with integrating
project cost control.
16 Explain how information from a balance sheet, income
statement, and cash flow statement is used for cost control.
17 Summarize the type of information provided in a cash flow
statement.
18 Summarize types of information found on a company balance
sheet.
19 Explain how construction projects are financed.
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M

13

572

3.70 1.08 12

52

3.74 1.07

3.611 1.21 13 572
3.521 0.97 13 572
3.431 0.92 11 482
3.391 0.92

9

392

Table 25 (Continued)
20 Explain the difference between costs of leasing vs. buying
equipment.
21 Describe cash and accrual accounting.
22 Summarize the type of information found on an income
statement.
23 Explain depreciation of equipment and materials.
Summarize the difference between general & administrative
(G&A) vs. job cost overhead.

3.351 0.96 10 432
3.301 1.23 10 432
3.301 0.95 9 392
3.171 0.82
WI

6

262

1

4

Note: 1=Criterion did not meet the mean cut limit for consideration in next round.
2=Criterion did not meet the minimum consensus criteria to be considered for the next
round. WI=indicates a write-in response and these criteria were automatically moved to
the next round for further consideration by the panel participants. n=number of responses
at the rank of 4 or 5: Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
SLO #15. SLO #15 asks students to demonstrate that they “Understand
construction quality assurance and control”. This SLO included 30 criteria between two
sections (Appendix F12). The first section included elements associated with types and
processes of inspections, and tools and documents used. There were 21 criteria for
consideration in this section. Section two included nine types of testing reports in which
students should be able to translate information from.
Among the two sections, a total of 21 criteria were advanced to the next round
(Table 26). In the first section there were 15 criteria that met both requirements for
advancement – none of these fell in the buffer zone. As well, none of the items ranked at
the absolutely essential level of importance. The majority of them (n=10), ranked at very
important to the SLO. Among these, most related to testing procedures for quality
assurance of construction materials installation such as concrete, steel, and soils.
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In the second section, four of the nine criteria met the minimum cut and
consensus requirements for advancement. Two others met the mean score requirement
but fell in the buffer zone for the consensus (65%). These two criteria were also advanced
for further consideration. All but one of these six items related to concrete (n=3) or soil
(n=2) testing.
The participants were offered the opportunity to provide write-in responses on
both sections of this SLO. Two were received for each section but none of them added
any criteria for further consideration in the next stage. Most of them were commentary
about the importance for students to understand the criteria listed or some other
reiteration of criteria already listed in the survey.
Table 26
SLO #15 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
SD

n %

0.65

21 91

0.69

20 87

0.83

19 83

4.13

0.85

18 78

4.09

0.72

18 78

4.09

0.72

18 78

4.04

0.69

18 78

Essential Learning Criteria
M
1
Identify the different types of inspections commonly required 4.48
in a commercial building project (compaction, rebar, open
ceiling, etc).
4.30
2
Explain the purpose and process of the different types of
inspections commonly required in a commercial building
project (compaction, rebar, open ceiling, etc).
3
Explain the role of plans and specifications in quality control. 4.22
Very Important Learning Criteria
4
Explain the purpose of value engineering in the QA/QC
process.
5
Identify common construction materials & assemblies that
are tested for quality (concrete, steel, soil, etc.)
6
Identify the different types of documents used in the QA/QC
process.
7
Identify different types of tools & technology used in the
QA/QC process (samples, mockups, testing instruments,
software, etc.
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8
9
10
11
12
13
14
15

Explain the role of surveying and layout in QA/QC.
Explain what “industry standard” means and how it applies to
QA/QC.
Explain the process for developing a QA/QC plan.
Identify testing procedures commonly used in the quality
assurance process (slump, proof roll, bolt torque, etc.).
Explain the purpose of testing procedures commonly used in
the quality assurance process.
Identify the people involved and the coordination process for
inspections and testing procedures for QA.
Summarize the fundamental differences between quality
assurance and quality control.

4.04
4.00

0.69
0.72

18 78
17 74

4.00

0.88

16 70

3.96

0.69

17 74

3.96

0.75

16 70

3.91

0.72

16 70

3.91

0.83

16 70

Explain the role warranties play in defining QA/QC
requirements.

3.87

0.68

16 70

3.87

0.80

14 61

3.83

0.96

14 61

Identify the different professionals typically involved in
executing the quality assurance processes.
Identify the common types of codes and standards that help
guide QA/QC requirements.
Identify the stages of a project’s life-cycle that QA and QC
typically occur.

3.74

0.67

14 61

3.74

0.79

14 61

3.70

0.75

12 52

Explain the concept of Total Quality Management (TQM).

3.70

0.80

11 48

Moderately Important Learning Criteria
16 Explain the purpose of common tools, technology, and
documents used in the QA/QC process.
17 Explain the difference between codes and standards.
18
19
20
21

Section Two
a

Essential Learning Criteria
Translate information illustrated in the following types of testing
reports:

1
2
3
4

Very Important Learning Criteria
Concrete Slump Test
Concrete Compression Test
Soil Report
Soil Compaction Test

Delphi Round 1
n %
M
SD

4.13
4.09
4.09
4.04
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0.68
0.72
0.88
0.81

19
18
17
16

83
78
74
70

Table 26 (Continued)
Moderately Important Learning Criteria
5
Concrete Moisture Test
3.91 0.78 15 65
6
HVAC Air Balance Test
3.74 0.61 15 65
7
Concrete FF/FL Test
3.78 0.72 14 612
8
Steel Bolt Torque Test
3.70 0.69 13 572
9
Concrete Air Test
3.611 0.71 11 482
Note. a = there were no criteria that were scored as essential for this SLO, 1=Criterion did
not meet the mean cut limit for consideration in next round. 2=Criterion did not meet the
minimum consensus criteria to be considered for the next round. n=number of responses
at the rank of 4 to 5: Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
SLO #16. SLO #16 asks students to demonstrate that they “Understand
construction project control processes”. This SLO included 23 criteria between two
sections (Appendix F13). The first section included criteria associated with different
elements, processes, tools, and documents used in construction project controls. There
were 16 criteria for consideration in this section. Section two included seven types of
project control tools that students should be able to explain.
Among the two sections, a total of 20 criteria were advanced to the next round
(Table 27). In the first section there were 11 criteria that met both requirements for
advancement, and two additional criteria the fell in the buffer zone. None of the 13 items
ranked at the absolutely essential level of importance. All but three ranked at very
important to the SLO. Combined, they represent a fairly complete demonstration of
understanding for project controls; including tools, processes, people, documents, and
terminological definition.
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In the second section, all of the seven criteria not only met the minimum cut and
consensus requirements for advancement but exceeded them with a low of 83% for
consensus and M=4.22. The participants were offered the opportunity to provide write-in
responses on both sections of this SLO. Two were received for the second section and
one of them added a criterion for further consideration in the next stage. This item added
the criterion to explain the role of Action Items and Deficiency Logs.
Table 27
SLO #16 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential Learning Criteria a
Very Important Learning Criteria
1
Identify & explain the documents and process for
procurement of sub-contractors and materials.
2
Identify the different factors associated with construction
project control - schedule, cost, quality, etc.
3
Explain the main project control responsibilities of the
management personnel on a project (PM, Supt. Etc).
4
Identify the major elements commonly associated with site
logistics planning.
5
Describe the administration of a construction project
including the basic jobs and roles on a construction site.

M

SD

n %

4.43

0.77

19 83

4.39

0.71

20 87

4.30

0.69

20 87

4.17

0.70

19 83

4.17

0.82

17 74

6
7

Explain the role of site logistics planning in project controls.
Identify & explain the documents involved and process for
project closeout.

4.13
4.04

0.68
0.69

19 83
18 78

8

Identify common types of meetings associated with a
construction project and explain their purpose related to
project control processes.
Identify the types of documents, tools & technology used for
project control processes and explain their purpose.

4.04

0.75

17 74

4.00

0.66

18 78

Explain what project control means.

4.00

0.83

15 65

3.96

0.86

16 70

9
10

Moderately Important Learning Criteria
11 Identify & explain the different stages of project closeout.
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Table 27 (Continued)
12
13
14
15
16

Identify and explain some of the common project controls
responsibilities of a new graduate.
Summarize information provided on common project control
documents.
Identify the personnel that would typically occupy a
construction field office based on a given type & size of
project.
Summarize the purpose of a construction field office and its
makeup based on a given type & size of project.
Describe the effects of a diverse construction workforce on
leadership and management of a project.

3.87

0.80

16 70

3.87

0.80

14 612

3.74

0.85

15 65

3.70

1.04

12 522

3.611

0.92

13 572

Section Two
Delphi Round 1
n %
M
SD

a

Essential Learning Criteria
Explain the following types of project controls tools:
Very Important Learning Criteria
1
RFI’s
4.74 0.61 21 91
2
Submittals
4.65 0.63 21 91
3
Schedule Projections
4.57 0.58 22 96
4
Cost Reports
4.57 0.58 22 96
Moderately Important Learning Criteria
5
Daily Reports
4.43 0.65 21 91
6
Meeting Agenda and Minutes
4.39 0.77 19 83
7
Labor Productivity
4.22 0.59 21 91
Note. a = there were no criteria that were scored as essential for this SLO, 1=Criterion did
not meet the mean cut limit for consideration in next round. 2=Criterion did not meet the
minimum consensus criteria to be considered for the next round. n=number of responses
at the rank of 4 to 5: Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
Round 4
Round four (Appendix G) was issued to the panel via email on September 23,
2016. This survey included stage two for SLOs 12-16 and stage one for SLOs 17-20. As
with the previous survey, the panel was informed they would have approximately two
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weeks to complete the survey. Responses during this round were more difficult to collect
and subsequently required multiple reminder emails and extensions of the deadline to
achieve a higher response rate (Table 28). The goal was to collect 30 responses before
closing the survey. Response 26 was received on November 1 - five weeks after opening
the survey. With no additional responses received within the next four days, the survey
was closed on November 4th, with n = 26 valid responses collected.
Table 28
Round Four Survey Response Counts by Date
Collected Responses
Notification
Initial Opening

Issued
9/23/16

Received
9/23/16
9/26/16
9/27/16

N
4
5*
1

1st Reminder

10/03/16

10/03/16
10/04/16
10/07/16
10/10/16
10/11/16

4
1
1
1
1

2nd Reminder

10/13/16

10/13/16
10/14/16

4
1

3rd Reminder

10/24/16

10/24/16
11/01/16

4*
1

Note. * = number of incomplete responses out of the total responses received for the
given date. One asterisk * next to a number would indicate one incomplete response
within the total responses for that line.
After aggregating the results of survey three, the fourth-round survey was
developed. In this survey, no major changes were made to the instrument. The five-point
Likert scale used in surveys one and three was also used for SLOs 17-20 included in this
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round. As with the previous surveys, Part One of this round began with the second stage
of review for SLOs 12-16. Because many of these SLOs had multiple parts in the
previous survey, a number of criteria that were identified to move forward were
consolidated into one criterion to simplify the criteria options. Participants were asked to
identify – from the list provided – the 10 most important criteria for each of the five
SLOs. Part two of the survey that introduces criteria for SLOs 17-20 asked participants to
rank each criterion on a Likert scale from 1 – 5, on its’ level of importance to the
particular SLO. Results were analyzed to identify criteria that were considered the most
important by a consensus of the panel. Consensus of the panel was established using a
ranking of “Very Important” to “Absolutely Essential” (M ≥ 3.50) by at least 70% of the
respondents. To compensate for random error, a five-point buffer was included; those
criteria with a mean M ≥ 3.45 by at least 65% of respondents were carried forward to the
next stage. In addition to the buffer, a minimum criteria inclusion rule was implemented.
Under this rule, if items identified by the cut criteria and buffer do not total at least 12
items, then additional criteria will be added - on a rank order basis - to reach a minimum
of 12 criteria that move forward to stage two.
A total of 67 items and 73 items were included among SLOs 12-16 and 17-20
respectively. The criteria for SLOs 12-16 were reviewed for incomplete submissions and
rank-ordered based on the mean number of responses received for the item. Those criteria
that were identified by at least 70% of the respondents were acknowledged as a
consensus of the group that the item was essential to the SLO. On this basis, of the
original 67 items included among the five SLOs, a total of 46 (69%) were identified to
meet the consensus criteria for being essential to the SLO in question (Table 29). Full
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details of the criteria and their ranking based on the results from stages one and two can
be found in Appendix J.
Table 29
Criteria Identified by Mean Response as Essential for SLOs 12-16

SLO #12 Understand different methods of project delivery and the
roles and responsibilities of all constituencies involved in the
design and construction process.
Essential Learning Criteria
1 Identify the different types of project delivery methods (DBB, DB, CM,
IPD)

Delphi
Round 2
N

%

25

96

2 Identify & Explain the roles, responsibilities, and what to expect of the:
Architect; GC; CM; Structural, Civil, & MEP Engineers; Specialty
Trades; Consultants; and Property Developer/Client.

24

92

3 Explain advantages and disadvantages for the various project delivery
methods.

23

89

4 Explain why a project delivery method might be more appropriate than
another for a given project.

23

89

5 Explain the intended communication structure between the parties in
each project delivery method.
6 Explain how the different parties are intended to collaborate in each
project delivery method.

22

85

22

85

7 Explain how the delivery process of a project changes based on the type
of project delivery method.

22

85

8 Explain differences between the various project delivery methods.
9 Identify the major parties involved in each project delivery method.
10 Explain the contractual organization of the parties in each project
delivery method.

21

81

21
21

81
81

SLO #13 Understand construction risk management.
Essential Learning Criteria
1 Identify & explain common elements of risk for contractors (cost, time,
quality, safety, etc).
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Delphi
Round 2
N

%

25

96

Table 29 (Continued)
2 Identify & explain the purpose of performance, and payment bonding.

24

92

3 Identify different types of risk associated with the different stages of a
construction project.

24

92

4 Identify & explain common elements of risk for owners/clients (cost,
time, unforeseen conditions,etc.).

23

89

23
23

89
89

7 Identify & explain the different types of insurance required by
contractors.

22

85

8 Explain strategies used by contractors for mitigating common elements
of risk.

22

85

9 Identify tools and techniques used for risk management.
10 Explain how levels of risk can change based on the project location.

21
20

81
77

Very Important Learning Criteria
5 Explain the role contracts play in defining & assigning project risks.
6 Explain how risk and risk management can impact a construction
company/project.

SLO #14 Understand construction accounting and cost control.
Essential Learning Criteria
1 Explain what a statement/schedule of values is for a project.
2 Explain the role of a change order in a project.
3 Explain the concept of project cost projections.
4 Explain how the billing process commonly works for a construction
project.

Delphi
Round 2
N

%

24
23
22
21

96.0
92.0
88.0
84.0

5 Summarize the difference between general & administrative (G&A) vs.
job cost overhead.

21 84.0

6 Summarize billing processes based on contract requirements.
7 Define a change order.
8 Explain how change orders can impact the cost control process of a
project.

20 80.0
20 80.0
20 80.0

9 Summarize the process for executing a change order.
10 Identify & explain the role of persons/positions in a construction
company typically responsible for project change orders, cost
projections, job cost tracking, etc.

19 76.0
19 76.0
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Table 29 (Continued)
Very Important Learning Criteria
11 Explain how cost projections impact the operation of a company.

SLO #15 Understand construction quality assurance
and control.
Essential Learning Criteria
1 Identify common construction materials & assemblies that are tested for
quality (concrete, steel, soil, etc.)
2 Explain the purpose and process of the different types of inspections
commonly required in a commercial building project (compaction, rebar,
open ceiling, etc).
3 Explain the role of plans and specifications in quality control.
4 Identify the different types of inspections commonly required in a
commercial building project (compaction, rebar, open ceiling, etc).

SLO #16 Understand construction project control processes.
Essential Learning Criteria
1 Explain the role of the following tools in project controls: Schedule
Projections, Cost Reports, Labor Productivity, RFI's, Submittals,
Meeting Agenda & Minutes, Daily Reports, Action Items & Deficiency
Logs
2 Identify the different factors associated with construction project control
- schedule, cost, quality, etc.
3 Explain the main project control responsibilities of the management
personnel on a project (PM, Supt. Etc).
4 Identify explain documents involved and process for project closeout.
5 Identify the types of documents, tools & technology used for project
control processes and explain their purpose.
6 Identify & explain the documents and process for procurement of subcontractors and materials.
7 Explain the role of site logistics planning in project controls.
Very Important Learning Criteria
8 Describe the administration of a construction project including the basic
jobs and roles on a construction site.
131

18 72.0

Delphi
Round 2
N

%

22

85

22

85

21
20

81
77

Delphi
Round 2
N %
25 96.2

22 84.6
22 84.6
22 84.6
21 80.8
21 80.8
21 80.8

19 73.1

Responses for the criteria items for the first stage of SLOs 17-20 were reviewed
for inconsistencies and incomplete responses. From the responses provided by the 26
participants, 51 of the original 73 criteria items were included in the final survey round
for further consideration. This survey also asked for write-in responses for items the
participants felt were missing, however no responses were received.
SLO #17. SLO #17 asks students to demonstrate that they “Understand the legal
implications of contract, common, and regulatory law to manage a construction project”.
This SLO included 31 criteria between two sections (Appendix G8). The first section
included 18 criteria covering areas of contracts, contract language, legal responsibilities
of individuals, and contract delivery methods for construction projects. Section two
included 13 different terms/phrases that students should be able to summarize.
Among the two sections, a total of 20 criteria were advanced to the next round
(Table 30). In the first section there were seven criteria that met both requirements for
advancement and only one of them ranked at the absolutely essential level of importance.
An additional four met the minimum mean cut requirement but fell into the buffer zone
on the consensus measure for advancement to the next round. A twelfth item was include
to meet the minimum criteria inclusion rule. The majority of the included items address
basic knowledge of common contract types and some proprietary contracts, like AIA
contracts. Other included items cover legal obligations to public safety, and legal rights
of typical participants in a construction project.
In the second section, 7 of the 13 listed criteria met the minimum cut and
consensus requirements and one additional item made the cut when considering the
buffer. All but two of the items were ranked at the very important level. None ranked as
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absolutely essential to the SLO. The eight terms/phrases that were advanced, addressed
document types such as submittals or notices, specific contract language like “Time is of
the essence”, and legal actions such as dispute resolution and lien. These items were
combined into one criterion for consideration in the next survey. There were no write-in
responses.
Table 30
SLO #17 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
M

SD

n %

Very Important Learning Criteria
1
Summarize key components of a subcontract.

4.50

0.64

24 92

3

Explain the different types of common contracts (i.e. lump
sum, cost plus, GMAX, etc.)

4.27

0.71

22 85

2

4.23
Summarize the relationship between the various contract
types, i.e. Owner/Contractor, Sub-contract, Sub Sub-contract.
4.19
Summarize the purpose and legal aspects of submittals.
4.08
Translate information found in common contract types.

0.80

20 77

0.62
0.55

23 88
23 88

4.08

0.73

20 77

Moderately Important Learning Criteria
5
Summarize the basic components of an AIA contract.

3.92

0.78

18 69

6

Explain common terms specifically associated with AIA
contracts.

3.85

0.73

16 62

7

Explain legal rights/obligations of common participants in a
construction project.

3.77

0.85

18 69

8

Identify & Explain the different types of common AIA
contracts in construction projects.
Explain the purpose and legal aspects of a Letter of Intent.
Explain front-end documents.
Identify & Explain the contractual differences between
common delivery formats (i.e. DBB, DB, CMa, CMr, IPD)

3.88

0.66

19 73

3.85

0.77

18 69

3.92
3.77

0.70
0.93

17 65
16 622

Essential Learning Criteria a

4
10
11

9
12
13

Explain the legal requirements to public safety for
construction projects.
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Table 30 (Continued)
3.621

0.78

15 582

3.651

0.68

14 542

3.351
3.281

0.78
0.92

10 382
9 362

Little Importance Learning Criteria
18 Summarize court cases instrumental in establishing common 2.621
construction law precedent.

0.84

4 152

14
15
16
17

Explain the requirements of labor laws in a construction
project.
Explain the legal relationships of project team members in a
construction project.
Explain state requirements for licensure.
Explain the requirements of jurisdictions in a construction
project.

Section Two
Summarize the meaning of the following terms/phrases:
Essential Learning Criteria a

1
2
3
4
5
6

Very Important Learning Criteria
Submittal
Bid Process
Time is of the essence
Lien
Notice
Requirements

Delphi Round 1
n %
M
SD

4.46
4.38
4.31
4.19
4.15
4.12

0.63
0.79
0.77
0.62
0.77
0.80

24
23
21
23
22
19

92
88
81
88
85
73

Moderately Important Learning Criteria
7
Dispute Resolution
3.96 0.81 19 73
8
Litigation
3.73 0.76 17 65
9
Arbitration
3.73 0.81 16 622
10
Additional Insured
3.691 0.91 16 622
11
Indemnification
3.651 0.92 15 582
12
Force Majeure
3.651 0.73 15 582
13
Hold Harmless
3.581 0.74 13 502
Note. a = there were no criteria that were scored as essential for this SLO, 1=Criterion did
not meet the mean cut limit for consideration in next round. 2=Criterion did not meet the
minimum consensus criteria to be considered for the next round. n=number of responses
at the rank of 4 to 5: Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
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SLO #18. In this SLO, students must demonstrate that they “Understand basic
principles of sustainable construction”. This SLO included 21 criteria for consideration
(Appendix G9). Among them, the criteria addressed elements of Leadership in Energy
and Environmental Design (LEED), terminology related to sustainable construction,
materials and methods associated with high performance construction, credentialing, and
commissioning/testing processes and procedures related to sustainable construction.
Interestingly, none of the criteria for consideration met the minimum requirements for
advancement to the next stage (Table 31). The maximum mean (M=3.62) of any criterion
was for “explaining the meaning of sustainable construction”. There was no clear
consensus established for any of the criteria either. The largest consensus for all criteria
was at 50% of the respondents rank it at Very Important to Absolutely Essential. This
response rate wasn’t even for the highest ranked criteria. It only received 46% consensus
and was evenly split between a four and five ranking with each rank getting six votes. All
but one of the 21 criteria had a median and mode score of three – reflecting a moderately
important level of relevance to demonstrating the SLO. As well, seven of the criteria had
a standard deviation of one or greater – the most seen for any of the SLOs in the study.
Perhaps the reason for these scores on this SLO are related to perception that
sustainability is more related to architecture rather than construction. One of the two
write-in responses supported this notion stating “All of these items are basically for an
architectural firm”. While this is only one comment out of 26 responses, it provides a
plausible suggestion for the results.
Based on the results, concessions were required to identify items that would
advance to the next stage for further consideration. These items were identified using the
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minimum criteria inclusion rule. Under this rule a minimum of the top 12 scoring criteria
must advance to the next stage for further consideration. As such, the top 12 items based
on mean ranking and percentage response at the very important to absolutely essential
level were identified and advanced to the next stage. Nearly half of these (n=5) related to
elements of LEED while the remaining criteria addressed how design and construction
impact sustainability of buildings and impact on the environment, along with ethical
considerations.
Table 31
SLO #18 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
M

SD

n %

Moderately Important Learning Criteria
1
Explain the meaning of sustainable construction.b

3.62

0.92

12 46

2

3.50

0.89

10 38

3.42

0.93

13 50

4

3.38
Identify and Explain techniques/strategies to minimize the
b
negative effects of construction activities on the environment.

0.84

12 46

5

Summarize common attributes of sustainable construction
materials and methods.b
Identify & Explain the different levels of LEED project
certification.b
Summarize the elements of the LEED scorecard for building
certification.b

3.35

1.04

11 42

3.35

1.00

9

3.35

0.96

11 42

Identify and Explain the requirements of LEED in sustainable 3.35
construction.b
3.31
Explain the meaning, purpose, and ethical concepts of
sustainable development.b
Summarize design and construction approaches that minimize 3.31
environmental impact.b

0.96

11 42

0.91

11 42

0.87

11 42

Essential Learning Criteria a
Very Important Learning Criteria a

3

6
7
8
9
10

Explain the management requirements of the LEED
certification process.b
Explain the purpose of LEED to sustainable construction.b
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35

Table 31 (Continued)
11

Identify & Explain the different elements of high performance 3.27
buildings.b

0.90

11 42

12

Summarize the impacts of construction activities on the
environment.b
Identify & Explain the different types of LEED credentials
and their respective requirements.
Explain common active building system strategies for
sustainable construction.
Identify & Explain common regulation bodies associated with
sustainable built environments (LEED, BREEAM, Energy
Star, etc.)
Explain life-cycle analysis of building materials.
Explain common passive building system strategies for
sustainable construction.
Identify and Explain attributes of sustainable development.
Summarize the purpose of building energy modeling.

3.27

0.94

10 38

3.19

0.96

8

13
14
15
16
17
18
19

31

3.19 1.04

8 31

3.15

0.95

9

35

3.12
3.08

0.89
1.00

9
8

35
31

3.04 0.85
3.04 1.02

7 27
8 31

Little Importance Learning Criteria
20 Summarize the concept of "whole life-cycle thinking".
2.92 1.03 8 31
21 Explain how climate change plays a role in sustainable
2.62 1.08 4 15
construction.
Note. a = there were no criteria that were scored at this level for this SLO, b = criterion
was advanced to next stage for further consideration under the minimum criteria
inclusion rule, n=number of responses at the rank of 4 to 5: Very Important to Absolutely
Essential for the criterion. %=percentage of total responses that ranked the criterion at
Very Important to Absolutely Essential.
SLO #19. SLO #19 requires students to demonstrate that they “Understand basic
principles of structural behavior”. This SLO included 19 criteria for consideration
(Appendix G10). Only five met the minimum base requirements for advancement to the
next stage (Table 25). The first two items were fairly balanced in the number of rankings
at the four (n=12 and 12, respectively) and five levels (n=11 and 10, respectively). An
additional five met the minimum mean ranking but fell in the buffer zone for the
consensus requirement. These five had nearly half of the respondents ranking them as
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very important. Although they didn’t meet the minimum criteria even when considering
the buffer, another two items were included for advancement under the minimum criteria
inclusion rule. None of the criteria ranked at the absolutely essential level of importance.
Comments from two of the respondents suggest that even though “these items are
very important in construction” students in this major should have “focus…on basics like
appropriate structures, why you should use certain structures and foundations, etc”.
Because “at the end of the day, it’s the engineers/architects responsibility to tell builders
what to do in certain situations”. This is clarified by another respondent stating
“calculations will be done by engineers, it is not necessary to perform calculations
because unless you are PE – those calculations won’t be relevant”. Although this is true,
another respondent suggested “basic knowledge is beneficial to have”. Some of the
criteria scoring the highest would support these comments.
Table 32
SLO #19 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
M

SD

n %

4.23

0.85

23 88

4.23

0.70

22 85

4.04

0.81

20 77

Moderately Important Learning Criteria
4
Summarize the difference between live loads and dead loads. 3.96

0.90

19 73

3.92

0.62

20 77

Essential Learning Criteria a
Very Important Learning Criteria
1
Identify the major structural components of buildings and
explain their purpose in the support of the building.
2
Explain the structural makeup of common building materials
(steel, concrete, wood).
3

5

Summarize the purpose & procedures for testing structural
building systems.

Summarize strengths/weaknesses of different foundation
types.
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Table 32 (Continued)
6

Summarize strengths/weaknesses of using concrete or steel as 3.85
horizontal and vertical structural applications.

0.86

18 69

7

3.81
Summarize the load carrying capabilities of common
materials (steel, wood, concrete, etc.).
Explain how soil capacity plays a role in the structural design 3.81
of horizontal and vertical building systems.
Summarize the concepts of tension and compression strength. 3.77

0.79

17 65

0.83

18 69

0.75

17 65

3.77

0.97

17 65

3.691

0.99

15 582

3.691

0.91

14 542

3.691

0.91

14 542

3.651

0.73

15 582

8
9
10
11
12
13
14

Identify common building elements governed by code
requirements for structural loading (bearing capacity, roof
loading, wind loads, etc).
Summarize the difference between soil stability and
compressive strength.b
Explain how the different structural building elements behave
when subjected to various forces (lateral, vertical, etc.)b
Identify common types of structural failures in temporary
construction structures and explain why.
Summarize the concept of load transfer.

Explain how the fabrication of materials affects their
3.541 0.75 12 462
structural capacity.
16 Identify and explain basic elements of soil mechanics
3.541 0.89 12 462
(composition, properties, types).
17 Identify and explain the characteristics of moment and shear 3.501 0.93 12 462
connections.
18 Translate structural loading capacities to code requirements. 3.151 0.86 9 352
19 Calculate lateral and vertical loads for temporary structures 3.041 1.13 8 312
used in the construction process.
Note. a = there were no criteria that were scored at this level for this SLO, b = criterion
was advanced to next stage for further consideration under the minimum criteria
inclusion rule, 1=Criterion did not meet the mean cut limit for consideration in next
round. 2=Criterion did not meet the minimum consensus criteria to be considered for the
next round, n=number of responses at the rank of 4 to 5: Very Important to Absolutely
Essential for the criterion. %=percentage of total responses that ranked the criterion at
Very Important to Absolutely Essential.
15

SLO #20. In this SLO, students must demonstrate that they “Understand basic
principles of mechanical, electrical, and piping systems”. This SLO included 22 criteria
for consideration (Appendix G11). Based on the results, 11 items were clearly identified
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as essential to the SLO (Table 24). These items illustrate competencies in the areas of
installation and coordination, building applications, cost, types of systems, terminology,
and design considerations. There were four other criteria added that met the mean cut
score rule but fell in the buffer zone on establishing consensus of the mean ranking.
Collectively, they illustrate knowledge in various processes procedures related to design,
installation, and commissioning as well as construction safety.
None of the items scored as absolutely essential. However, nearly two thirds
(n=9) of the criteria ranked above a 4.00 by over 70% of the respondents. Those items
that scored below the advancement threshold mostly related to documents associated with
these systems. One of the items addressed ability to identify and explain roles and
responsibilities of the professionals associated with design and installation. This seemed
interesting considering graduates in this major will be required to understand this.
Regardless, it was the fourth lowest scoring criterion at was therefore not advanced to the
next round. Three write-in comments were provided that expanded on the need for
students to “understand the basics and on an elementary level” and that “clash detection
and coordination are the two most important things”. Some of the criteria advancing
would support these comments.
Table 33
SLO #20 Round One Criteria Ranking Listed in Order of Importance
Delphi Round 1
Essential Learning Criteria a
Very Important Learning Criteria
1
Summarize how coordination plays a critical role in the
successful application & installation of MEPFP systems.
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M

SD

n

%

4.42

0.57

25

96

Table 33 (Continued)
Generally explain the impact MEPFP systems have on the
cost and schedule of a building project.
Summarize common coordination concerns associated with
MEPFP systems.
Identify common types of mechanical, electrical, plumbing,
& fire protection systems.
Explain the purpose of MEPFP systems in the operation of a
building.

4.28

0.60

23

92

4.27

0.81

20

77

4.19

0.73

21

81

4.08

0.62

21

81

6

Explain the purpose of the major elements of common
MEPFP systems.

4.08

0.67

22

85

7

Explain the coordination review process for the design and
installation of common MEPFP systems.
Generally explain the installation sequence/process for each
MEPFP system.
Identify basic elements associated with common MEPFP
systems.

4.00

0.78

18

69

4.00

0.62

21

81

4.00

0.68

20

77

Moderately Important Learning Criteria
10 Identify the positioning of basic MEPFP system elements in
relation to each other and the overall system.

3.96

0.59

21

81

11

Identify and explain common life safety
concerns/requirements associated MEPFP systems.
Identify common project quality concerns associated with the
design & installation of MEPFP systems.
Summarize common safety concerns associated with the
installation of MEPFP systems.
Translate information found in common documents used in
the design and construction of MEPFP systems.

3.88

0.75

19

73

3.88

0.64

19

73

3.81

0.79

17

65

3.81

0.73

16 622

Summarize the process involved in the design, fabrication,
and installation of MEPFP systems.
Summarize common practices associated with the project
closeout/commissioning phase of MEPFP systems.
Identify common documents used to convey design and
construction details of MEPFP systems.
Summarize implications associated with the application of
common MEPFP systems.
Identify and explain the roles and responsibilities of the
professionals associated with the design and installation of
MEPFP systems.
Explain the purpose of common documents used in the
design and construction of MEPFP systems.

3.77

0.64

17

65

3.77

0.70

18

69

3.77

0.80

16 622

3.73

0.76

16 622

3.691 0.77

16 622

3.691 0.72

15 582

2
3
4
5

8
9

12
13
14
15
16
17
18
19
20
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Table 33 (Continued)
21

Summarize code/compliance regulations associated with the
design and construction of MEPFP systems.

3.421 0.74

11 422

Explain basic engineering principles associated with MEPFP 3.351 0.73 9 352
systems (air/fluid mechanics, voltage, wattage, etc.)
Note. a = there were no criteria that were scored at this level for this SLO, 1=Criterion
did not meet the mean cut limit for consideration in next round. 2=Criterion did not meet
the minimum consensus criteria to be considered for the next round, n=number of
responses at the rank of 4 to 5: Very Important to Absolutely Essential for the criterion.
%=percentage of total responses that ranked the criterion at Very Important to Absolutely
Essential.
22

Round 5
This round was the final round of surveys for the Delphi portion of the study. The
survey instrument was issued to the panel on November 17, 2016. This survey included
one part – the stage two review for SLOs 17-20. Participants were notified that they had
two weeks to complete the survey and that it should only take about 10 minutes to
complete. However, due to a low response rate (n =17) after two weeks, the survey was
left open for an additional two weeks. A notification email of the time extension was sent
out, but yielded only four more valid responses. The survey was closed on December 16th
with the last valid response received two days prior.
Participant results were reviewed and the criteria items for each SLO rankordered based on mean participant response. As with the previous SLOs, consensus of the
respondents was considered achieved if at least 70% of the respondents selected the item.
The four SLOs included in this round collectively contained 51 criteria items for
consideration. A total of 39 items among the four SLOs – 10 each for SLOs 17 and 18, 11
for SLO 19, and nine for SLO 20 – were identified to be essential (Table 34).
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Table 34
Criteria Identified by Mean Response as Essential to SLOs 17-20

SLO #17 Understand the legal implications of contract,
common, and regulatory law to manage a construction project.

Delphi
Round 2

Essential Learning Criteria
1
Summarize key components of a subcontract.

N

%

21

100

2

Summarize the relationship between the various contract types, i.e.
Owner/Contractor, Sub-contract, Sub Sub-contract.
Explain the different types of common contracts (i.e. lump sum, cost
plus, GMAX, etc.)

21

100

19

90.5

4
5

Summarize the purpose and legal aspects of submittals.
Summarize the basic components of an AIA contract.

17
18

81.0
85.7

6

Explain common terms specifically associated with AIA contracts.

19

90.5

7

Explain legal rights/obligations of common participants in a
construction project.

18

85.7

8

Identify & Explain the different types of common AIA contracts in
construction projects.
Explain the purpose and legal aspects of a Letter of Intent.
Translate information found in common contract types.

16

76.2

16

76.2

15

71.4

3

9
10

SLO #18 Understand the basic principles of
sustainable construction.

Delphi
Round 2

Essential Learning Criteria
1
Explain the meaning of sustainable construction.
2
Explain the purpose of LEED to sustainable construction.

N

%

20

95.2

20

95.2

3

Explain the management requirements of the LEED certification
process.
Summarize common attributes of sustainable construction materials
and methods.
Identify & Explain the different levels of LEED project certification.

18

85.7

18

85.7

18

85.7

6

Identify and Explain techniques/strategies to minimize the negative
effects of construction activities on the environment.

17

81

7

Summarize the elements of the LEED scorecard for building
certification.

17

81

4
5
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Table 34 (Continued)
8

Identify & Explain the different elements of high performance
buildings.

17

81

9

Explain the meaning, purpose, and ethical concepts of sustainable
development.
Identify and Explain the requirements of LEED in sustainable
construction.

17

81

16

76.2

10

SLO #19 Understand the basic principles of
structural behavior.

Delphi
Round 2

Essential Learning Criteria
1
Summarize strengths/weaknesses of different foundation types.

N

%

21

100

2

Summarize the difference between live loads and dead loads.

21

100

3

Identify the major structural components of buildings and explain their
purpose in the support of the building.
Summarize strengths/weaknesses of using concrete or steel as
horizontal and vertical structural applications.

21

100

20

95.2

5

Explain the structural makeup of common building materials (steel,
concrete, wood).

18

85.7

6

Summarize the concepts of tension and compression strength.

18

85.7

7

Identify common building elements governed by code requirements
for structural loading (bearing capacity, roof loading, wind loads, etc).
Summarize the difference between soil stability and compressive
strength.
Summarize the load carrying capabilities of common materials (steel,
wood, concrete, etc.).
Summarize the purpose & procedures for testing structural building
systems.
Explain how soil capacity plays a role in the structural design of
horizontal and vertical building systems.

17

81

17

81

16

76.2

15

71.4

15

71.4

SLO #20 Understand the basic principles of mechanical,
electrical, and piping systems.

Delphi
Round 2

4

8
9
10
11

Essential Learning Criteria
1
Summarize how coordination plays a critical role in the successful
application & installation of MEPFP systems.
2
Summarize common coordination concerns associated with MEPFP
systems.
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N

%

20

95.2

19

90.5

Table 34 (Continued)
3
4
5
6
7
8
9

Explain the coordination review process for the design and installation
of common MEPFP systems.
Explain the purpose of MEPFP systems in the operation of a building.

19

90.5

18

85.7

Identify common types of mechanical, electrical, plumbing, & fire
protection systems.
Explain the purpose of the major elements of common MEPFP
systems.

17

81

17

81

Generally explain the installation sequence/process for each MEPFP
system.
Identify the positioning of basic MEPFP system elements in relation to
each other and the overall system.

16

76.2

16

76.2

Generally explain the impact MEPFP systems have on the cost and
schedule of a building project.

15

71.4

Criteria Inclusion
With the essential criteria for each SLO identified, the study moved to evaluating
the BCS Program curriculum for inclusion of the identified criteria. The study evaluated
the studio courses of the BCS Program to identify how many of the identified essential
criteria were included in those courses. This evaluation was delimited to these specific
courses because of the ACCE accreditation requirements. The organization requires that
programs categorize their curriculum into four major areas (ACCE Doc 103, 2016) with
specific credit hour minimums (Table 33). Document 103 OBS (2016) further illustrates
in section 3.1.4 that “semester hours counted in the core subject area of construction shall
address the construction-specific SLOs listed in section 3.1.5”. The semester hours
counted in this area for the BCS program include all eight of the studio courses and one
lecture course – BCS 3213 Electrical Systems (Appendix K1). Consequently, per the
ACCE standard, it is required that these courses address the SLOs.
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Evaluation of inclusion within the nine BCS courses was done by reviewing the
syllabus for each course. Each course syllabus was evaluated to identify the CLOs and
identification for how they are connected to the ACCE SLOs. Further, course outlines
imbedded in the syllabus were evaluated to identify assessments connected to each CLO
and the related SLOs. Detailed results of this analysis can be found in Appendix K2.
Results of the analysis identify inclusion of the SLOs within the BCS studio courses and
the extent to which they are included. Additionally, a preliminary indication of
assessment evidence connected to the identified SLOs is provided. This evidence does
not confirm nor deny potential validity of the assessments, but instead provides a first
look at whether assessments have been included to potentially measure student success in
achieving the SLO. As a point of clarification, the word “potentially” is used in reference
to inclusion of SLOs and assessments identified in each course syllabus. For the purposes
of this evaluation, “potentially” is used to clarify that the syllabus suggested the evidence
was included, however further investigation of the course materials would need to be
conducted to confirm that the SLOs and appropriate assessments have in fact been
included in the course and that the “potential” exists that these items have actually not
been included in the course.
Results of this evaluation offer the following:
SLO Inclusion
Out of the 20 required SLOs, syllabi for the nine different courses evaluated
indicate that all 20 SLOs are included to some level in the curriculum. Among the 20
SLOs identified as being included, eight of them (SLOs #3, #11, #13 & 14, and #’s 1720) showed potential weakness in the level of inclusion. These eight were shown to
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potentially be included in two or less courses. SLOs 11, 18, & 19 were only identified to
be included in one course – BCS 1126: Studio B. What’s more, the course learning
outcomes (CLO’s) in which these three SLOs were attached, did not indicate appropriate
connection to these SLOs; raising further concern of accurate and full inclusion within
the BCS curriculum. An example of this can be seen in CLO #2 "Observe and understand
the built environment and research construction methods". The syllabus indicates that this
CLO addresses SLOs 8, 9, 12, 15, 18, & 19. It is unclear how this CLO directly addresses
these listed SLOs – especially SLOs 18 and 19. These two SLOs address principles of
sustainable construction and structural behavior, respectively. There is not a clear
indication how the stated CLO appropriately includes elements of these two SLOs. A
similar scenario can be identified in SLO #20. Once again, this SLO is indicated to only
be included in course BCS 3213: Electrical Systems. However, the course outline
indicates including topic areas associated with electrical systems only, but not mechanical
or piping systems. This would suggest the course is incomplete in fully including criteria
associated with SLO #20. Since this is the only class identified to include this SLO in the
BCS curriculum there is potential weakness in the curriculum to meet the requirements
for fulfilling this SLO.
If these inferences are correct then the potential exists that these three SLOs are
not being included within the required courses at all, or are inadequately included in the
curriculum. Limiting the inclusion like this reduces the opportunity to include the SLO
and its’ related essential learning criteria at the three levels of introduce, reinforce, and
assess. As such, any assessments related to these SLOs have an increased opportunity for
weakness due to lack of exposure to the students.
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Two courses (BCS 4116 and 4126) were very specific in their connection to the
SLOs included. The identified CLO’s for these two courses use the exact wording of the
SLOs they are including. While this makes the SLO inclusion very clear, it does not
provide a clear picture of what criteria within these SLOs are being included. These two
courses include a number of the SLOs included in other courses as well.
The remaining 12 SLOs that were identified as potentially being included within
the curriculum indicated all but one (SLO 16) that are potentially overlapping and
oversaturated within the evaluated courses. These 11 SLOs were identified to potentially
be included in five to eight of the nine possible courses (Appendix K2). This amount of
inclusions suggests that opportunity may be available to make space in some of these
courses to either provide deeper focus on fewer SLOs or include some of the SLOs that
were identified to be lacking in course inclusion. As well, it is unlikely that five or more
SLOs can adequately and completely be included and assessed in one course – even if it
is a six-credit course. This would raise further questions of concern about the assessment
evidence supporting successful inclusion of the SLOs.
Assessment Evidence
All of the nine courses identified assessments incorporated into the class.
However, in four of the courses (BCS 2116, 3116, 3126, and 3213) there was no clear
information provided in the syllabus that links the assessments to specific CLO’s nor
SLOs. As such, it was not possible to make any sort of determination to the appropriate
inclusion of assessments for the outcomes identified in the course. Further evaluation of
the specific assessments would need to be done to make any kind of determination.
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The remaining five courses did provide specific connections of assessments to the
identified CLOs and SLOs. These courses included a column in the course outline
specifically identifying the CLO(s) being reviewed by the assessment (Figure 7).
Additionally, the outline included a column identifying the assessments. These ranged in
type to include assignments, quizzes, and tests – depending on the course. The only
information provided as to the validity of the assessment to the outcomes in which they
were connected was the name of the assessment. In most cases these were generic names
such as “Assignment #1” or “Test #1”. In these cases, it was not possible to generate
inferences as to the appropriateness of the assessments to the outcomes they were
intended to measure.
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Figure 7.

Example course outline identifying assessments and linked outcomes

Only in a few situations were assessment names indicated that provided a general
idea of what the assessment was. Quizzes that were identified in BCS 1126 had topic
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areas indicated such as “concrete”, “steel”, and “pre-cast”. In BCS 3126, the assignments
were given names such as “Project Delivery Methods” and “Interior Space Planning and
Enclosure”.
While these naming conventions provided some indication of the potential content
of the assessments, they don’t provide any clear indication that the elements being
assessed are appropriately linked to the intended learning outcomes identified for the
course. In some of these cases it was possible to make a general inference that, based on
the topic name, the assessment has potential content validity. However, further evaluation
of the assessments would need to be conducted for confirmation.
In general, confirmation was made that all courses included assessments, and of
those nine courses, five clearly identified assessments that were intended to measure the
identified learning outcomes. The remaining four courses failed to clearly show this.
Therefore, it was not possible to determine in nearly half of the courses, how the
identified assessments were linked to the intended learning outcomes.
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CHAPTER V
DISCUSSION AND CONCLUSION

Summary of Findings
The purpose of this research was to identify the BCS program’s level of
effectiveness toward including the 20 ACCE student learning outcomes required for
accreditation into its’ curriculum. This was accomplished through the use of a modified
version of a Hybrid Delphi approach to define performance criteria for each of the 20
SLOs, along with an evaluation of syllabi for the program’s nine core construction
courses. A panel of industry experts from the BCS Program’s industry advisory board
participated in the one-day NGT session that kicked off the study. This resulted in an
initial 355 criteria for consideration among the 20 SLOs. These were used to develop the
first stage of survey evaluation. Following this a Delphi panel was established from
industry experts and alumni. The panel participated in five different rounds of online
surveys. Through these five rounds the panel had two opportunities to review and rank
performance criteria considerations for each SLO.
SLO Criteria Definition
The first review of criteria considerations for each SLO resulted in reducing the
original 355 items down to 283. This included 11 criteria that were write-in responses
from the panel as suggested items that were missing from the list. These items were used
to develop the list for the second stage of review.
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The second stage review resulted in 173 criteria that were considered essential to
demonstrating achievement of the 20 SLOs. These criteria were established using the
consensus measures defined for the study – at least 70% of the panel identified the item
as essential. A list of the final criteria can be reviewed in Appendix J. Those that are
ranked under the heading of “Essential Learning Criteria” are those that were identified
as ultimately being essential to the SLO. The criteria are listed in order based on the
percentage of responses. Those items that received the same percentage of responses in
the second stage are ordered by descending mean score from the first stage results.
Criteria Inclusion
Results of the BCS Program curriculum review indicate that all 20 SLOs are
potentially being included to some extent. When considering the different levels of
inclusion that framed this study – Missing, Adequate, or Overlapping – SLO #16 was the
only one indicated to be adequately included. Of the remaining 19 SLOs, eight were
identified as inadequate or missing, meaning they were shown to be included in two or
fewer of the evaluated courses. In three of these cases the SLOs were only included in
one class and it was questionable if the inclusion was accurate. There were 11 SLOs
classified as overlapping because they were indicated to be included in five or more of
the courses. The number of SLOs identified as included in a course ranged from six to as
many as 15, with an average M=9 SLOs included in a single course. While assessments
were identified in all of the courses, four of the courses provided no clear link between
the assessments and learning outcomes identified for the course. Of the courses that did
provide assessment links to the learning outcomes, it was not clear in most cases if the
assessments were appropriate to the outcomes they were identified to measure.
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Discussion of Findings
This study provides a contribution to current research in a number of ways. Prior
to this research no discernable studies were identified in construction education that
looked at further clarifying the 20 ACCE SLOs. This study provides a proposed
framework that other construction management programs can use to help define the SLOs
for their institutions. Additionally, the findings provide a first look at what criteria might
look like that embody each SLO. While those in construction education and practice may
disagree with the findings, this study provides a point to initiate further discussions and
research.
The Delphi resulted in a list of 173 criteria across 20 SLOs that are considered
essential to preparing BCS graduates for the profession they are entering. Beyond these
are an additional 182 items that could be put up for further consideration in future studies.
Regardless of agreement or disagreement on the criteria identified, they contribute a body
of knowledge that - at the very least – provides a point of discussion and debate.
For the BCS Program at Mississippi State University, the findings have already
shown to provide guidance during conversations among the faculty about the programs’
curriculum. The criteria have provided points of conversation and consideration, such as
“Are these too many criteria to be able to include in a four-year degree?”, and “What is
the best approach to include all the criteria for an SLO?”, or “Should we even adopt these
criteria at all?”
Clarifying the criteria associated with each SLO has sparked conversation about
the relevance of items. In some cases, just identifying the important criteria raised
immediate awareness of items currently not included in the curriculum. In the same vein,
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some immediate identification was noted by faculty about discrepancies between their
views and industry views in levels of importance on certain items. Some items were
shown to be given a higher level of importance by the faculty, where industry seemed to
indicate the opposite. In this study, the findings showed that little importance should be
given to learning about wood construction, however the current BCS curriculum devoted
nearly a quarter of a semester of one six-credit studio course to this area. On the flip side,
the findings showed that fundamentals in plan reading and construction documents is
essential to the industry, but the current BCS curriculum does not include much of this.
Examples like this provided immediate awareness to the faculty that further consideration
needs to be given to how these items are included in the curriculum.
In other cases, the findings have provided a source of guidance for the faculty to
more strategically and efficiently modify the curriculum. Although only at the course
level, mapping where the SLOs were included in the curriculum helped identify gaps and
overlaps of inclusion. It quickly identified potential issues with imbalance between SLOs
that are being neglected for SLOs that are redundantly included within the curriculum.
Identifying this also raised the question about whether the SLOs were actually being
included in the courses as indicated. One of the immediate questions considered by
faculty was “If we look at the learning criteria associated with the SLO and what is
actually being included in the class, will we find that the SLO actually isn’t being
included as originally thought?” This has created awareness by the faculty that further
evaluation needs to be done to better clarify the inclusion of all SLOs.
When considering the theoretical framework on which this study was based, goal
theory recognizes a holistic approach to curriculum that involves goal clarity, level of
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difficulty, and delivery. The unique approach of the BCS curriculum being delivered in
an application-based studio format offers opportunity for strengths and weaknesses. For
the inclusion of SLOs at the higher cognitive domain where application and synthesis of
information is necessary, the BCS studio approach offers a unique opportunity for
optimizing the elements of goal theory. In this format, students will have the opportunity
to address these SLOs at the appropriate level of difficulty in a more authentic format that
promotes self-confidence, and motivation to learn. However, utilization of the studio
format to include SLOs at the lower cognitive domain is likely not appropriate. SLOs 1220 that require students to “understand” various principles of construction are likely more
appropriate to be included in a traditional lecture-type delivery. Achieving goals at this
level of difficulty does not require application and synthesis of multiple facets of
information. Attempts to do so – as currently included in the curriculum – artificially
inflates the difficulty of the goals and creates invalid inferences of student achievement.
Further, it likely will reduce clarity of the intended goals, motivation, and student selfconfidence. Acknowledging these aspects of goal theory when considering revisions to
the BCS curriculum to include the SLOs will increase the likelihood of optimal inclusion
and student achievement.
When considering how items are being assessed, the findings showed that
assessments are included in all courses. However, many of the courses do not accurately
identify how the assessments link to the intended learning outcomes. This was noted as a
point of concern that some SLOs may be missing necessary assessments to evaluate their
inclusion. Not only does this limit the progam’s ability to evaluate effectiveness toward
successfully including the SLOs, there are potential concerns related to accreditation as
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well. ACCE identifies in section 3.1.5.3D of document 103 OBS that programs “Evaluate
each Student Learning Outcome by a minimum of two assessment methods, at least one
of which must be direct”. Under this requirement, SLOs missing assessments could be a
potential weakness in the program – thereby making the program vulnerable to not
receiving accreditation.
Overall, the findings from the study have provided a baseline for a strategy
toward evaluating construction programs for consideration of accreditation under the new
ACCE outcomes-based standards. The resulting list of criteria that help define each
ACCE SLO has provided a point of clarity that has helped provide guidance to BCS
faculty and motive them to question, debate, and consider further areas of evaluation for
the program. It has created awareness of strengths and weaknesses in the BCS program
and raised questions of concern.
Beyond the confines of the BCS program, the findings provide a body of
knowledge for others in the construction community to consider. This extends not only to
industry and construction education programs, but also ACCE. Over the last couple
years, the organization has been continually questioned about how the SLOs are to be
defined. The findings from this study provide another body of knowledge for
consideration in addressing these questions.
Study Limitations
Although the findings provide insight into criteria that help define what is worth
knowing for students coming out of construction management programs, the study does
have limitations. The most notable is the restricted sample. While an average of 30
participants in a Delphi study is on the high side, results from this study only reflect
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views of industry experts from the Southeast region of the United States – especially
Mississippi. As well, the majority of the participants have specific interest and exposure
to the BCS Program at Mississippi State University since many are graduates of the
program. These factors limit the participants views and subsequent responses to the
specific sector of industry they are in and what they know about the BCS Program. While
attempts were made to develop an initial list of criteria items that demonstrate a
mainstream view of the construction management industry in general, the criteria
ultimately identified as “essential” are based on the responses from participants in the
study. To reduce potential effects of this limitation, I have tried to provide transparency
in all the criteria considered and how they ranked overall rather than only identifying the
criteria that were identified as essential to the BCS Program.
Some common limitations noted by Delphi studies include peer influence and
participant mortality. In this study, the peer influence factor was reduced by utilizing the
NGT process in place of focus groups. This helped reduce the tendency for the stronger
personalities in the group to dominate the results, however this could not be eliminated
entirely. It is conceivable that some of the criteria initially developed were biased towards
a few individual’s perspectives within the group. However, I made every attempt to
ensure that the initial Delphi survey included the most holistic list of criteria possible.
While I was able to maintain a relatively high response rate through all five
rounds of the Delphi, participant mortality was still a problem. As a means to counteract
loss of participants I maintained the pool of 60 participants that agreed to participate in
the surveys. Rather than eliminating potential participants if they failed to complete the
first survey, I gave them opportunities to complete any and all subsequent surveys until
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the study was completed. Some participants took advantage of this opportunity and did
complete some surveys even if they didn’t complete the previous surveys. While this
helped increase the response rate, it also created a lack of consistency among the
responses between stage one and two. In other words, it was possible that a respondent
did not participate in ranking criteria for an SLO during the first stage but then
participated in ranking the reduced list of criteria for that same SLO in the second stage.
This had the potential to skew the overall findings.
Lastly, my own bias as the researcher reviewing the results cannot go
unacknowledged. I am a faculty member in the BCS program responsible for teaching
many of the courses. As such, I have a potential bias in what I believe the essential
criteria are for our students. Since a Delphi requires some interpretation of results to help
determine consensus, it is possible that my analysis of the results was skewed by my bias
in what should be included in the program. I attempted to reduce this bias as much as
possible by incorporating member checking through having other faculty in the program
review the results and providing feedback. In addition, including all the possible criteria
in the study and their results helped provide transparency to reduce this potential bias. In
this way, other faculty have the opportunity to question results because they have full
disclosure of all possible options rather than just the list of the “essential criteria”.
Recommendations
Recommendations for Program Evaluation
This study provided a basis for conducting a preliminary evaluation of the BCS
Program in preparation for accreditation by ACCE. The preliminary review indicated that
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there is a great deal of overlap with inclusion of many SLOs in the curriculum. It also
showed that a number of SLOs may be inadequately included in the curriculum.
CLO and SLO Connections
The level to which SLOs were, or were not included in the curriculum was
difficult to measure – especially when considering the identified performance criteria
from the study. The construct of course learning outcomes and their connection to the
ACCE SLOs varied greatly across the courses. Further research is needed to evaluate the
intended learning outcomes of each course and how they relate to the SLOs. Other
programs will likely have the same issue when evaluating their courses. A possible
suggestion to overcome this issue would be to adopt the identified performance criteria
for each SLO as the course learning outcomes for the courses that will include the
specific SLOs. An example of this is provided in Figure 8. This type of strategy will
increase the clarity of the connection between CLOs and SLOs, and make it easier to
conduct a complete evaluation.
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Figure 8.

Example of using SLO criteria as CLOs

Assessments. The evaluation of assessments included for measurement of the
intended learning outcomes was only done at the level of identification, i.e. did the
syllabus identify assessments and were the assessments connected to specific learning
outcomes. Assessments were able to be identified for all of the courses but in only about
half of the courses were the assessments clearly tied to CLOs and SLOs. In no case was
an evaluation of the assessments conducted for validity to the intended learning
outcomes. This is a common issue cited by ACCE when evaluating programs during
accreditation as well. Further research needs to be conducted to evaluate the validity of
the assessments being used in each course to confirm if they are in fact appropriate to the
intended learning outcomes they are identified to be measuring. If they are not, this could
be a weakness for the program as the results of the assessments would not be valid and
thereby reduce the value of the information they provide.
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Recommendations for Future Research
SLO Definition. For construction management programs to fulfill the
requirements of ACCE, defining the SLOs is an essential first step. This study provides
an important first look into a method for further clarifying the ambiguity of the SLOs
required for ACCE accreditation. As well, the results have established a baseline for
consideration of what is worth teaching and learning for construction management
programs. However, this study was extremely cumbersome in its methodology and is
likely not a feasible approach for most construction programs to undertake. It is difficult
to establish a panel of experts that can commit the time needed to evaluate the potential
relevance of hundreds of criteria across all 20 SLOs through multiple survey instruments.
The ability for programs to be able to utilize the results from the study is essential.
Further research utilizing smaller focused panels of experts based on their topical
content knowledge could be beneficial. Breaking down the SLOs in this manner will
provide a more manageable process for the panel participants and researchers and will
likely yield more reliable results. It is also recommended that these panels of experts be
developed over a larger geographical base to generate results that are generalizable to a
broader population. Including experts from industry and academia across a larger sample
will help establish more generalizable results.
This study did not look at compartmentalizing the different criteria into
competency categories such as hard and soft skills, or the Blooms knowledge categories
of Factual, Conceptual, Procedural, and Meta-Cognitive. Further research into this would
help increase clarity about the types of competencies that are the most important. As well,
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it would help facilitate the identification of appropriate assessments for the intended
outcomes.
Assessments. Assessment types were reviewed in this study in the literature
review as a means to provide basic awareness to different types of assessments and their
role in curriculum and instruction. The literature indicates that common misconceptions
about assessments exist among teachers – especially at the higher education level. Further
research should be conducted in the construction education community to determine the
level of understanding about the role of assessments. Results from this research can help
programs better prepare for accreditation, improve the learning environment, and
establish a means for developing training programs in assessments.
Motivational factors. The theoretical framework for this was on the basis of goal
theory and how clearly identifying goals played a role in the motivation of students and
teachers. Under this guise, establishing clarity of each SLOs meaning provides the
opportunity to more clearly identify goals for faculty and students. While elements of the
study caught a glimpse of how these points of clarity can initiate motivation by faculty, it
was not an in-depth investigation. Nor did this study evaluate how these points of clarity
might have an impact on students. The findings from this study can serve to develop
further research do evaluate the impact on faculty and student motivational factors.
Conclusion
Outcomes-based assessment is new to the construction education community. As
such, there is a great deal of work that needs to be done in harnessing the benefits it
provides. There is a large body of research in other disciplines that have been using this
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approach for decades that can aid in supporting construction education. However, this
discipline is very unique and still requires a great deal of research. This study provides a
beginning point for others to consider advancing the body of knowledge. The
opportunities for future research are abundant within this discipline in the areas of
curriculum development, assessment, and learning theory. This research is relevant and
necessary for the continued improvement construction education.
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Figure A1.

IRB approval letter.
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Figure B1.

NGT participation recruitment letter sent to IAB members.
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Figure B1. (continued).
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Figure B1. (continued).

183

Figure B1. (continued).
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Dear Alumnus:
I hope this email finds you well and enjoying your summer!
The BCS program is currently undergoing preparation for accreditation. A major component of
this involves a critical evaluation of the program curriculum to identify strengths and
weaknesses associated with what students should be learning. As alumni of the BCS program,
you can offer us the greatest understanding of these areas.
I would like to invite you to participate as a topical expert in helping us better identify those
things that students coming out of the BCS program should know and be able to do.
In this role you will be asked to participate in completing multiple rank-order surveys over the
course of the next few months. The goal of the surveys is to identify the most relevant things
that students need to know and be able to do when graduating from the BCS Program. As a
member of industry and a former student of the program your input is incredibly valuable in
reaching this goal.
Surveys will be distributed on a weekly basis to be completed online via survey monkey. In total
there are anticipated to be approximately 12 surveys and the first four will take about 20
minutes each to complete. The remaining surveys should take about 5 to 10 minutes each.
Timelines to complete the surveys will be flexible to accommodate your schedule and limited
availability of time.
Your participation as an expert panel member would be a great asset to future development of
the BCS program and toward our endeavor of achieving accreditation. I would greatly appreciate
your willingness to take time from your busy schedule to participate. At your earliest
convenience, please send a reply to this email indicating if you are able to participate. Those
indicating willingness to participate will receive a follow-up email within 48 hours containing a
link to the first survey and directions for completion.
Thank you for your consideration.
Sincerely,

Figure B2.

Delphi recruitment letter sent to BCS alumni.
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Figure C1.

Round one Delphi survey instrument.
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Figure C1. (continued).
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Figure C1. (continued).
189

Figure C2.

Participant information.
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Figure C3.

SLO#1 criteria for consideration.
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Figure C3. (continued).
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Figure C4.

SLO#2 criteria for consideration.
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Figure C4. (continued).
194

Figure C4. (continued).
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Figure C5.

SLO#3 criteria for consideration.
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Figure C5. (continued).
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Figure C6.

SLO#4 criteria for consideration.
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Figure C6. (continued).

199

Figure C6. (continued).
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Figure C7.

SLO#5 criteria for consideration.

201

Figure C7. (continued).
202

Figure C7. (continued).
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APPENDIX D
ROUND TWO DELPHI SURVEY INSTRUMENT: SECOND STAGE FOR SLOS 1-5
AND FIRST STAGE FOR SLOS 6-11

204

Figure D1.

Round two Delphi survey instrument instructions.
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Figure D1. (continued).
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Figure D2.

Participant information.
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Figure D3.

SLO#1 criteria for second consideration.
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Figure D4.

SLO#2 criteria for second consideration.
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Figure D5.

SLO#3 criteria for second consideration.

210

Figure D6.

SLO#4 criteria for second consideration.
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Figure D7.

SLO#5 criteria for second consideration.
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Figure D7. (continued).
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Figure D8.

SLO#6 criteria for consideration.

214

Figure D9.

SLO#7 criteria for consideration.
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Figure D9. (continued).
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Figure D10.

SLO#8 criteria for consideration.
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Figure D10. (continued).

Figure D11.

SLO#9 criteria for consideration.
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Figure D12.

SLO#10 criteria for consideration.
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Figure D12. (continued).
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Figure D13.

SLO#11 criteria for consideration.
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Figure D13. (continued).
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Figure D13. (continued).
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Figure E1.

Round three Delphi survey instrument.
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Figure E1. (continued).

226

Figure E2.

Participant information.
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Figure E3.

SLO#6 criteria for second consideration.
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Figure E4.

SLO#7 criteria for second consideration.

229

Figure E5.

SLO#8 criteria for second consideration.
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Figure E6.

SLO#9 criteria for second consideration.
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Figure E7.

SLO#10 criteria for second consideration.
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Figure E8.

SLO#11 criteria for second consideration.
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Figure E8. (continued).
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Figure E9.

SLO#12 criteria for consideration.
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Figure E9. (continued).
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Figure E10.

SLO#13 criteria for consideration.
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Figure E11.

SLO#14 criteria for consideration.
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Figure E12.

SLO#15 criteria for consideration.
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Figure E12. (continued).
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Figure E13.

SLO#16 criteria for consideration.

241

Figure E13. (continued).
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APPENDIX F
FOURTH ROUND DELPHI INSTRUMENT: SECOND STAGE FOR SLOS 12-16
AND FIRST STAGE FOR SLOS 17-20
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Figure F1.

Round four Delphi survey instrument.
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Figure F1. (continued).
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Figure F2.

Participant information.
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Figure F3.

SLO#12 criteria for second consideration.
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Figure F4.

SLO#13 criteria for second consideration.
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Figure F5.

SLO#14 criteria for second consideration.
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Figure F6.

SLO#15 criteria for second consideration.
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Figure F7.

SLO#16 criteria for second consideration.
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Figure F7. (continued).

252

Figure F8.

SLO#17 criteria for consideration.
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Figure F8. (continued).
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Figure F9.

SLO#18 criteria for consideration.
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Figure F10.

SLO#19 criteria for consideration.

256

Figure F11.

SLO#20 criteria for consideration.
257

Figure F11. (continued).
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APPENDIX G
ROUND FIVE DELPHI SURVEY INSTRUMENT:
SECOND STAGE FOR SLOs 17-20

259

Figure G1.

Round five Delphi survey instrument.
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Figure G1. (continued).

261

Figure G1. (continued).

262

Figure G2.

SLO #17 criteria for second consideration.
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Figure G2. (continued).
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Figure G3.

SLO #18 criteria for second consideration.
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Figure G4.

SLO #19 criteria for second consideration.
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Figure G5.

SLO #20 criteria for second consideration.

267

Figure G6.

Survey closing.
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APPENDIX H
NGT DATA RESULTS FOR EACH SLO ORGANIZED BY DATA SOURCE
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Table H1
Summary of NGT Results for SLOs 1-10
Results
SLO
Group 1
1. Create written
Email, written
communications electronic info,
appropriate to the technical writing
construction
not emotional,
discipline.
business letters,
RFI, Notices,
RFQ,
Subcontracts,
Scope of work

Group 2
Group 3
Emails, transmittals,
RFI, Proposals, RFP,
Contract review,
business letters,
vendor instructions

2. Create oral
Leading
presentations
meetings, public
appropriate to the speaking
construction
discipline.

Proposal to owner,
new product
presentation,
progress/site meeting

3. Create a
construction
project safety
plan.

OSHA
guidelines,
project specific
safety plans, job
hazard analysis

Excavation policy,
safety policy, hazmat
policy, site logistics,
jobsite risk
assessment,
4. Create
Quantity survey, crane/rigging plan
construction
labor
project cost
productions,
Quantity survey,
estimates.
subcontractor
complete project
scope analysis, estimate $5M w/in
qualifying bids 10% of established
budget, utilize some
type of estimating
5. Create
Use software,
software (current)
construction
understand logic,
project schedules. understand WBS, CPM project schedule
Define activities, by hand & with
understand
software, understand
durations,
trade sequence (min.
collaborative
100 activities), last
effort
planner system
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Group 4

Table H1 (continued)
Results
SLO

Group 1

Group 2

6. Analyze
professional
decisions based
on ethical
principles.

Do right thing, no Situation evaluation
bid shopping,
w/diff outcomes,
subcontract
construction
relations
associations ethics

7. Analyze
construction
documents for
planning and
management of
construction
processes.

Constructability
reviews of
contract
documents

Build 3d model, red
line documents, find
missing pieces needed
to estimate &
schedule, contracts &
sub-contracts, prelim
project plan, quality
control

Group 3

Understand
sequencing, site
utilization,
identification of
drawing
inconsistencies

8. Analyze methods, Availability of Build project
materials, and
resources, project composed of different
equipment used to location
materials
construct
projects.

Fundamentals,
cost implications,
labor,
constructability,
hands-on labs

9. Apply
construction
management
skills as a
member of a
multi-disciplinary
team.

Roles,
responsibilities

Constructability Project from design
reviews, budget thru budget, plan,
reviews, with
schedule, financing
multi-discipline
team

10. Apply electronic- BIM
based technology
to manage the
construction
process.

BIM Model,
collaboration
technology/software

Group 4

P6, BIM, manage
conflicts, webbased software

Note. Groups three and four started their review at SLO #20 and worked backwards.
Group three was only able to provide answers up to SLO #7 and group four only made it
to SLO #11.
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Table H2
Summary of NGT Results for SLOs 11-20
SLO
11. Apply basic
surveying
techniques for
construction layout
and control.

Group 1 Group 2

Results
Group 3
Read civil dwgs,
understand
slope,
equipment,
control points

Group 4
Total stations,
surveying
fundamentals, site
analysis,
documentation

12. Understand
different methods of
project delivery and
the roles and
responsibilities of
all constituencies
involved in the
design, construction
process.

A+CA, research
paper, project
under different
PDM

DB, DBB, IPD,
different PDM,
differences between
models,
collaboration in
each delivery
method

13. Understand
construction risk
management.

Insurance, cost
control,
understand what
can be
controlled and
how

Contract writing,
Different
professions & their
organization,
discipline contracts

14. Understand
construction
accounting and cost
control.

Labor cost
projections,
statement of
values, billing
based on
contracts,
change orders
Materials,
inspections,
coordination,
technology,
regional
concerns, mockups, industry
standards,
tolerances

15. Understand
construction quality
assurance and
control.
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Cost projections,
cost of
work/rework,
schedule of values,
cost tracking
Regulatory
requirements,
specification
requirements,
inspections,
industry standards,
warranties

Table H2 (continued)
SLO
16. Understand
construction project
control processes.

Group 1 Group 2

Results
Group 3
Schedule
projections, cost
control,
commitments,
logs

Group 4
Schedules,
estimates,
contracts, RFI,
Submittals, org.
structure

17. Understand the
legal implications
of contract,
common, and
regulatory law to
manage a
construction
project.

Types,
relationships,
rights &
obligations, AIA
vocab, labor
laws, liens,
terms/conditions,
notices, dispute
resolution

Subcontracts,
jurisdictions,
frontend
documents, legal
aspects, arbitration,
litigation, state
board requirements

18. Understand the
basic principles of
sustainable
construction.

Vocab, LEED
scorecard, LEED
accreditation,
management of
process

High performance
building &
construction,
LEED, Green
building

19. Understand the
basic principles of
structural behavior.

Tension,
compression,
foundation
types, slab types
& applications

Structural makeup
of steel / concrete /
wood, fabrication
& testing, safety &
materials loading,
diff. loads

20. Understand the
basic principles of
mechanical,
electrical and
piping systems.

Types,
implications,
operation,
coordination, life
safety,
commissioning,
vocab, docs,
materials

Piping, active
systems, reading
plans,
classifications,
RFI’s on them,
codes, collaboration
b/w trades
engineers &
vendors
Note. Groups one and two started their review at SLO #1 and worked forward. Neither
group was able to provide feedback beyond SLO #10.
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APPENDIX I
DELPHI DATA RESULTS ORGANIZED BY SLO
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Table I1
SLO #1 Survey Results from Round 1 and Round 2 Delphi
Delphi
Round 1

SLO #1 Create written communications
appropriate to the construction discipline.
Essential Learning Criteria
1 Complete a scope-of-work document for a given
project.
2 Create a project change order.
3 Create a request for information to a project architect
related to a specific issue.
4 Create a job cost projection report.
5 Tactful documentation of discussions between
Contractor, Subcontractors, Engineers, and Owner.
6 Create a subcontract to a project sub-contractor.
7 Complete a submittal form.
8 Create a weekly/monthly job progress report.
9 Create meeting minutes for a particular project
meeting.
Very Important Learning Criteria
10 Create a professionally formatted email to a project
stakeholder.
11 Create a professionally formatted business letter to a
project stakeholder on a specific topic.
12 Create a construction site daily field report.
13 Create a project meeting agenda.
14 Create a transmittal letter for a project item
transmission.
15 Create a request for sub-contractor qualifications.

Delphi
Round 2

M

N

%

N

%

4.70

33

100

31

91.2

4.64
4.58

32
31

97
94

29
32

85.3
94.1

WI
WI

1
1

3
3

29
28

85.3
82.4

4.41
4.36
4.21
4.27

28
28
28
27

88
85
85
82

26
24
23
23

76.5
70.6
67.6
67.6

4.52

30

91

22

64.7

4.00

23

70

17

50.0

3.85
4.27
3.64

22
27
22

67
82
67

17
16
13

50.0
47.1
38.2

3.72

21

66

9

26.5

Moderately Important Learning Criteria
16 Create a Bid Form based on a given set of criteria.
3.53 17 53
17 Create a proposal book for a given project.
3.52 18 55
18 Create an instructions to bidders for a particular
project.
3.50 16 50
19 Write a notice to proceed letter.
3.48 18 55
20 Create an invitation to bid.
3.38 14 44
Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
Number of respondents and the percentage shown reflect responses at the Very Important
to Absolutely Essential categories.
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Table I2
SLO #2 Survey Results from Round 1 and Round 2 Delphi

SLO #2 Create oral presentations appropriate to the
construction discipline.

Delphi
Round 1

Delphi
Round 2

Essential Learning Criteria
M N %
4.76
32 97
1 Demonstrate ability to use appropriate discussion, negotiation,
conflict resolution, and cooperation skills.
2 Demonstrate use of clear organization in oral communications. 4.55 30 91
4.61 31 94
3 Demonstrate ability to use appropriate communication skills
to work with people of varying backgrounds and experience
levels (i.e. clients, architects, engineers, tradesman, etc.).

N

%

32 94.1
31 91.2
31 91.2

4 Organize ideas in a logical and purposeful manner.
5 Plan, prepare, and conduct a project meeting.
6 Demonstrate ability to speak publicly in formal and informal
settings.
7 Demonstrate ability to adapt to different audience, setting, and
occasion.

4.45
4.64
4.61

30 91
33 100
32 97

30 88.2
29 85.3
28 82.4

4.42

31

94

25 73.5

8 Explain ideas in a variety of oral communication interactions
(i.e. meetings, telephone, public, etc.)

4.70

33 100

24 70.6

4.09
3.82

25
23

76
70

21 61.8
17 50

11 Identify appropriate dress for a professional presentation.
12 Demonstrate ability to use appropriate message delivery
conventions – on topic, succinct, etc.

4.27
3.82

29
23

88
70

17 50
16 47.1

13 Recognize inappropriate language use.
14 Identify appropriate listening conventions – eye contact,
posture, attentiveness, etc.

4.09

23

70

13 38.2

3.94

24

75

13 38.2

15 Recognize appropriate/inappropriate contexts for types of
presentations – formal, telephone, lunch meeting, etc.

3.88

22

67

13 38.2

Very Important Learning Criteria
9 Plan, prepare, and conduct a project proposal presentation.
10 Demonstrate appropriate selection and use of materials for
given presentation topic and setting.

Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
Number of respondents and the percentage shown reflect responses at the Very Important
to Absolutely Essential categories.
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Table I2 (continued)

SLO #2 Create oral presentations appropriate to the
construction discipline.
Moderately Important Learning Criteria
16 Identify appropriate speech clarity, pace, volume.

Delphi
Round 1

Delphi
Round 2

M

N

%

3.79

21

64

N

%

3.76 21 64
17 Identify appropriate/inappropriate body language –
excessive body movement, eye contact, etc.
3.66 16 50
18 Recognize possible distractions – cell phones,
background noise, etc.
3.3
15 45
19 Plan, prepare, and deliver an informational presentation
on a new product or service.
3.3
13 39
20 Plan, prepare, and deliver an educational presentation
about an emerging topic focused on professional
development of company employees (i.e. LEED, BIM,
Lean, etc.)
Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
Number of respondents and the percentage shown reflect responses at the Very Important
to Absolutely Essential categories.
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Table I3
SLO #3 Survey Results from Round 1 and Round 2 Delphi

SLO #3 Create a construction project safety plan.
Essential Learning Criteria
1 Identify potential job hazards/safety issues (i.e. deep
excavations, confined spaces, etc.).

Delphi
Round 1

Delphi
Round 2

M

N

%

N

4.76

32

97

32 94.1

%

2 Identify safety requirements related to site utilization/logistics
(site access, pedestrian safety, cool zones for hot work, etc).
3 Address a specific construction project/site.
4 Identify equipment requiring specific safety guidelines
(scaffolding, heavy equipment, cranes, etc).
5 Complete OSHA 30-hour safety training & include credential
verification in plan.
6 Identify procedures for enforcing safety plan (who, what,
when, how).
7 Identify procedure for communicating safety policy/concerns
to workers.
8 Explain how an emergency will be managed.
Very Important Learning Criteria
9 Identify strategies for correcting identified safety violations.
10 Explain safety guidelines/requirements for specific equipment
(.e. crane rigging, scaffolding, etc.)
11 Identify hazardous materials and their specific safety
requirements (SDS).
12 Incorporate specific OSHA guidelines/requirements for
identified safety hazards.

4.47

28

88

25 73.5

4.34
4.34

28
27

88
84

24 70.6
24 70.6

WI

1

3

24 70.6

4.31

27

84

24 70.6

4.34

28

88

22 64.7

4.44

28

88

20 58.8

4.25
4.00

27
21

84
66

22 64.7
22 64.7

4.00

21

66

20 58.8

4.31

26

81

19 55.9

13 Explain how the emergency management plan will be
implemented.
14 Require students to complete OSHA 10-hour safety training
and include credential verification in plan.

4.38

27

84

19 55.9

4.34

26

81

17 50.0

17 50.0
15 Identify policy & procedures for safety violators (example of 4.03 22 69
3 strikes you’re out).
4.00 21 66
14 41.2
16 Include an example toolbox talk & report.
Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
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Table I3 (continued)

SLO #3 Create a construction project safety plan.

Delphi
Round 1

Delphi
Round 2

M

N

%

17

Moderately Important Learning Criteria
Include an example safety incident report.

3.88

19

59

18

Include an example worker tool training report.

3.78

17

53

N

%

Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
Number of respondents and the percentage shown reflect responses at the Very Important
to Absolutely Essential categories.
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Table I4
SLO #4 Survey Results from Round 1 and Round 2 Delphi

SLO #4 Create construction project cost estimates.
Essential Learning Criteria
1 Complete a material quantity takeoff (i.e. brick, concrete, roof
membrane, etc.)

Delphi
Round 1
N

%

N

%

4.65 28

90

31

91.2

2 Use industry leading technologies to aid in creating estimates
(i.e. excel, OnScreen Takeoff, iSqFt, MC2, etc.)

4.48 28

90

31

91.2

3 Complete a quantity takeoff for a building assembly (i.e.
exterior wall system, roof system, foundation, etc.)

4.61 28

90

30

88.2

4 Analyze, and Prepare a scope of sub-contractor work for a
given project.

4.74 29

94

26

76.5

5 Estimate direct costs of a complete construction project.
6 Organize all estimate information into a complete professional
cost estimate proposal.

4.42 25
4.52 27

81
87

24
24

70.6
70.6

4.16 26

84

23

67.6

4.35 25

81

22

64.7

9 Estimate indirect costs for a complete construction project.
10 Prepare a formal bid package for a trade area of work on a
project.
11 Develop detail cost estimates for a given element of a building
project using a provided pricing database.

4.26 24
4.35 25

77
81

22
19

64.7
55.9

4.16 23

74

19

55.9

12 Identify companies that can provide certain types of products
and services.

WI

1

3

18

52.9

13 Develop a complete construction estimate for a $10M-$20M
commercial project.

4.19 23

74

18

52.9

14 Estimate building assembly (i.e. curtainwall, foundation, roof
system, etc.) costs for a project using a provided assembly
pricing database.
15 Illustrate the various elements of a cost estimate utilizing
industry standard practices/formats.

4.16 24

77

17

50.0

4.00 22

71

12

35.3

Very Important Learning Criteria
7 Estimate labor and equipment costs considering productivity
factors.
8 Include overhead, profit, and contingency appropriate to a
given construction project.

M

Delphi
Round 2

Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
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Table I4 (continued)

SLO #4 Create construction project cost estimates.

Delphi
Round 1

Delphi
Round 2

Moderately Important Learning Criteria
M
N %
N %
16 Develop evaluation criteria for a bid solicitation.
3.87
20 65
17 Prepare a bid solicitation for procurement of products and
services.
3.74
19 61
18 Estimate conceptual square foot costs using a provided
pricing database such as RS Means.
3.48
17 55
19 Estimate insurance costs associated with the estimated cost
of a construction project.
3.52
15 48
20 Prepare and use construction cost databases.
3.48
14 45
Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
Number of respondents and the percentage shown reflect responses at the Very Important
to Absolutely Essential categories.
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Table I5
SLO #5 Survey Results from Round 1 and Round 2 Delphi

SLO #5 Create construction project schedules.
Essential Learning Criteria
1 Establish predecessors and successors of various work
activities.
2 Develop a work sequence for the various elements of a
project.
3 Apply industry leading information technology for project
planning, scheduling, and control (i.e. MS Project, P6,
Navisworks, etc.).
4 Create a critical path schedule.
5 Identify the critical work activities associated with the
completion of a project.
6 Demonstrate understanding of a project schedule
milestone activities.
7 Demonstrate understanding of critical activities associated
with a project.

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

4.4

28

93

30

88.2

4.57

30

28

82.4

4.27

23

10
0
77

28

82.4

4.55
4.77

28
30

97
10
0

28
26

82.4
76.5

4.53

28

93

26

76.5

4.69

28

97

25

73.5

Very Important Learning Criteria
4.23 27 90
24 70.6
8 Create a three-week look-ahead schedule.
4.5 28 93
19 55.9
9 Demonstrate understanding of the various activity
relationships/constraints within a project schedule.
4.23 25 83
19 55.9
10 Establish accurate durations for project work activities
based on resource requirements & productivity factors.
4.52 29 10
18 52.9
11 Demonstrate understanding of the different elements of a
0
critical path schedule.
3.83 20 67
16 47.1
12 Develop a work breakdown structure for a given project.
3.9 23 77
15 44.1
13 Identify float associated with the project as a whole.
3.9 20 67
14 41.2
14 Create a Gantt Chart schedule.
3.77 20 67
13 38.2
15 Demonstrate understanding of various types of float in a
schedule.
3.87 22 73
11 32.4
16 Include multiple disciplines/activities with a minimum
number of activities.
3.87 20 67
5 14.7
17 Identify various elements of float associated with
activities.
Note. WI = Write-in suggestion from participant(s); Criterion items that did not meet the
cut criteria of M ≥ 3.70 by at least 65% of respondents were not include in round two.
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Table I5 (continued)

SLO #5 Create construction project schedules.

Delphi
Round 1

Delphi
Round 2

Moderately Important Learning Criteria
M N %
N %
18 Create visual presentations of schedule information.
3.73 18 60
19 Prepare various construction scheduling reports.
3.73 18 60
20 Demonstrate understanding of lean construction planning
techniques (i.e. Last Planner, Pull Planning, Weekly Work
Plan, etc.)
3.57 18 60
21 Perform time/cost trade-off analyses of given schedule
delay scenarios.
3.57 17 57
22 Incorporate associated costs for the various activities
identified in a project schedule.
3.53 15 50
23 Create oral presentations of schedule information.
3.47 15 50
24 Demonstrate how to level resources and “crash” a
schedule.
3.33 11 37
25 Create a network diagram schedule.
3.13 9 30
Note. Criterion items that did not meet the cut criteria of M ≥ 3.70 by at least 65% of
respondents were not include in round two. Number of respondents and the percentage
shown reflect responses at the Very Important to Absolutely Essential categories.

283

Table I6
SLO #6 Survey Results from Round 1 and Round 2 Delphi

SLO #6 Analyze professional decisions based on ethical
principles.

Delphi
Round 1

Delphi
Round 2

Essential to Very Important Learning Criteria
1 Identify ethical values commonly associated with the
construction industry today.

M

N

%

N

%

2.59

20

59

20

87

2

Identify issues related to standards of professional practice,
conflict of interest, and privacy of confidential information.

2.53

18

53

20

87

3

Identify potential ethical dilemmas associated with
construction related safety scenarios.

2.79

28

82

19

83

4

Identify potential ethical dilemmas associated with
construction related bidding & contract award scenarios.

2.79

28

82

19

83

5

Demonstrate an understanding of professional and ethical
responsibilities.

2.82

28

82

18

78

6

Identify potential ethical dilemmas associated with
construction related quality scenarios.
Identify potential ethical dilemmas associated with
construction related cost scenarios.

2.59

21

62

19

83

2.56

19

56

19

83

Explain the contractor’s ethical responsibilities to not engage
in deceptive practice or any practice that creates unfair
advantage for the contractor.
Explain how construction ethics relates to the “professional
image” of the industry.

2.50

19

56

19

83

2.74

25

74

16

70

10 Explain the contractor’s responsibility to provide fair, accurate, 2.44
and unbiased advice.

16

47

16

70

2.56

19

56

14

70

2.59

21

62

12

52

2.29

13

38

9

39

7
8

9

11 Reflect on ethical issues relevant to construction and offer
solution options for the situation.
Moderately Important Learning Criteria
12 Explain the contractor’s ethical responsibilities to not hurt the
professional reputation of others.
13 Explain ethical responsibilities related to the contractors
obligation of public welfare.

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents.
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Table I7
SLO #7 Survey Results from Round 1 and Round 2 Delphi

SLO #7 Analyze construction documents for planning and
management of construction processes.

Delphi
Round 1

Delphi
Round 2

Essential to Very Important Learning Criteria
1 Read and interpret project specifications.
2 Review plans, specs, and contracts to identify trade related
work requirements.

M

N

%

N

2.94
2.88

31
29

94
88

22 95.7
21 91.3

3

Critically review construction docs for errors, inconsistencies,
& missing info.

2.85

28

85

20

87

4

Read and interpret information illustrated in civil, architectural, 2.91
structural, MEPFP, and shop drawings.

30

91

20

87

5

Extract information from project drawings for the execution of 2.94
cost and schedule development, constructability analyses, safety
evaluation, risk analysis, and site logistics planning.

31

94

19 82.6

6
7

Relate project specifications to the contract drawings.
Identify discrepancies between project specifications and
drawings.
Identify requirements/processes for review and approval of
project changes.

2.94

31

94

16 69.6

WI

1

3

18 78.3

2.58

19

58

18 78.3

Identify project requirements for material submittals review and 2.67
approval process.

22

67

16 69.6

2.36

15

45

13 56.5

11 Identify the different stages of construction document
development.
12 Use and manipulate BIM and other emerging technologies to
interpret information project information.

2.44

15

47

10 43.5

2.33

16

48

10 43.5

13 Identify project payment requirements/process illustrated in
construction docs.

2.55

18

55

10 43.5

14 Identify QC/QA requirements/processes illustrated in
construction documents.

2.42

15

45

9 39.1

8
9

Moderately Important Learning Criteria
10 Identify industry graphic standards needed by the construction
profession (i.e. detailing, dimensioning, note placement).

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents.
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Table I7 (continued)

SLO #7 Analyze construction documents for planning
and management of construction processes.
Little to Not Important Learning Criteria
15 Explain the purpose and related documents of each stage of
construction document development.
16 Explain the purpose and organization structure of CSI
Masterformat.
17 Explain the purpose and organization structure of CSI
Uniformat.
18 Utilize BIM and other emerging technologies to create
project models.

Delphi
Round
2

Delphi
Round 1
M

N

%

2.33

12

36

2.25

8

25

2.19

8

25

2.09

12

36

N

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents. Blank cells in the
Round 2 column indicate those criteria items were not included in Round 2.
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Table I8
SLO #8 Survey Results from Round 1 and Round 2 Delphi

SLO #8 Analyze methods, materials, and equipment used
to construct projects.

Delphi
Round 1

Delphi
Round 2

Essential to Very Important Learning Criteria
1 Relate the sequence of construction activities and importance of
safety.

M

N %

N

%

2.81

26 81

21

91

2

Identify the implications on cost, labor, time, and
constructability of a given material/assembly based on a specific
project.
Identify assembly process for common building systems.
Identify and explain attributes associated with common
foundation, heavy steel, exterior wall, and roofing systems.

2.66

22 69

19

83

2.72
2.81

23 72
25 81

19
17

83
74

Identify trades needed for common building systems.
Identify quality control concerns specific to different
materials/assemblies.

2.75
2.53

24 75
18 56

16
16

70
70

Moderately Important Learning Criteria
7 Interpret information from building codes and standards and how 2.38 16 50
that impacts materials, methods, and equipment for a project.

16

65

3
4
5
6

WI

1

3

15

61

9 Identify manpower needs for common building systems.
10 Identify & Explain the purpose of different types of equipment
common to most construction projects (i.e. earth-moving,
excavation, cranes, concrete installation, etc).

2.41
2.47

16 50
17 53

14
14

61
61

11 Explain how the choice of selected materials/assemblies affect
the logistics plan for a project.

2.53

17 53

14

61

12 Identify cost associated with common building systems.
13 Explain how soils attributes impact materials/assemblies chosen
for a project.

2.59

20 63

13

57

2.34

15 47

9

39

14 Interpret information on soil reports and explain how it impacts
the choice of materials, methods, and equipment.

2.47

18 56

7

30

15 Identify and explain attributes associated with masonry systems.
16 Identify and explain attributes associated with wood frame
systems.

2.58
2.23

19 61
10 32a

6
6

26
26

8

Identify and explain the makeup and purpose of different wall
assemblies (i.e. fire walls, shaft walls, sound walls).
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Table I8 (continued)

SLO #8 Analyze methods, materials, and equipment
used to construct projects.

Delphi
Round 1

Delphi
Round 2

Moderately Important Learning Criteria
17 Identify availability of resources based on project location.

M

N

%

2.34

13

41

18

2.31

13

41

2.19

11

34

2.16
2.19

10
9

31
28

2.16

9

28

19
20
21
22

Explain how climatic conditions impact selection of
materials, methods, and equipment for a project.
Explain how soil attributes impact equipment choices for
construction project.
Explain unique attributes of common roofing systems.
Identify specific tool & equipment requirements for
common building systems.
Identify production capabilities of different types of
equipment common to most construction projects (i.e.
earth-moving, excavation, cranes, concrete installation,
etc).

N

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents. Blank cells in the
Round 2 column indicate those criteria items were not included in Round 2. a = included
in round two because the large majority of respondents said it was at least Moderately
Important so it warrants another round of review.
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Table I9
SLO #9 Survey Results from Round 1 and Round 2 Delphi

SLO #9 Apply construction management skills as a
member of a multi-disciplinary team.

Delphi
Round 1

Delphi
Round 2

Essential to Very Important Learning Criteria
M N %
1
Demonstrate ability to effectively plan, organize, schedule, 2.88 28 88
execute, and lead construction management related tasks in a
team environment.

N

%

23

100

2
3

Productively engage in team conflict resolution.
Engage in collaborative problem solving and solution
processes while maintaining ethical standards.

2.69
2.94

22
30

69
94

22
22

100
96

4

Demonstrate ability to participate as an effective team
member during the design phase of a project.

2.59

20

63

21

91

5

Use team-building and management behaviors to lead a
team task that results in effective team performance.

2.69

23

72

20

87

6

2.59 20 63
Engage in constructability reviews as an integrated team
member.
2.5 17 53
Identify the roles and responsibilities of key members
involved with a multi-discipline team in the built
environment.
Demonstrate ability to assess performance of the team, team 2.47 16 50
members, and project.

20

87

20

87

18

78

14

61

7
8

Moderately Important Learning Criteria
9
Identify common barriers to effective multi-disciplinary
teams in the built environment.

WI

1

3

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents.
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Table I10
SLO #10 Survey Results from Round 1 and Round 2 Delphi

SLO #10 Apply electronic-based technology to
manage the construction process.
Essential to Very Important Learning Criteria
1
Demonstrate ability to use at least one common industry
QTO software (OnScreen Takeoff, PlanSwift, etc.).
2
Demonstrate ability to use at least one common industry
scheduling software (MS Project, P6, etc.).
3
Demonstrate ability to use at least one common industry
markup/tracking/communication software (Bluebeam,
PlanGrid, Acrobat, etc).
4
5
6
7
8
9

Demonstrate ability to use standard Microsoft Office
products (word, excel, powerpoint).
Identify technology used for management of project
information (PlanGrid, Bluebeam, ProCore, P6, etc.).
Identify technology used for estimating and scheduling
practices.
Demonstrate ability to use basic technology in the work
environment (laptops, tablets, cell phones, printers, etc.).
Utilize technology to visually communicate project
information.
Demonstrate ability to use at least one common industry
estimating software (MC2, Timberline, etc.).

Moderately Important Learning Criteria
10 Identify technologies used in the on-site management of
materials, people, & equipment.
11 Utilize BIM to facilitate collaboration/communication
across disciplines.
12 Identify benefits & challenges associated with the use of
BIM.
13 Utilize BIM tools to execute model element coordination
issues (clash detection).
14

Demonstrate ability to use at least one common industry
BIM software (Revit, Navisworks, etc.).
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Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

2.64

24

91

20

87

2.22

14

78

20

87

WI

4

12

20

87

2.94

31

100

18

78

2.63

20

63

17

74

2.59

19

59

17

74

2.78

26

97

16

70

2.66

21

66

16

70

WI

2

6

16

70

2.47

16

50

14

61

2.38

16

50

12

52

2.47

17

53

12

52

2.34

15

47

11

48

2.00

8

24

10

44

Table I10 (continued)

SLO #10 Apply electronic-based technology to
manage the construction process.
Moderately Important Learning Criteria
15 Explain the purpose of technology used for visual
communication (EarthCam, Drones, PlanGrid, Photos,
Videos, Laser Scanning, 3D Printing, etc.)
16 Explain the use of cloud-based technology in the
management of construction projects.
17 Identify the trending uses of BIM in the construction
industry.
18 Use BIM software for modeling building elements that
include necessary information for the discipline.
19 Identify the difference between “visualization” and
“information” in electronic project modeling.
20 Demonstrate ability to use design software (AutoCAD,
Adobe – photoshop, illustrator, etc.).
21 Identify types of software that are used for
“visualization” and those used for “information”.
22 Utilize BIM tools to execute project schedule
visualization (4D BIM).
23 Identify current industry trends in types of BIM software
adoption.
Little to Not Important Learning Criteria
24 Utilize BIM tools to execute project cost visualization
(5D BIM).
25 Identify the uses and benefits of BIM in facilities
management (6D BIM).

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

2.47

17

53

9

39

2.34

13

41

2.22

12

38

2.16

11

34

2.16

10

31

2.13

10

31

2.09

10

31

2.03

9

28

2.09

8

25

1.91

7

22

1.87

5

16

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents. Blank cells in the
Round 2 column indicate those criteria items were not included in Round 2.
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Table I11
SLO #11 Survey Results from Round 1 and Round 2 Delphi

SLO #11 Apply basic surveying techniques for
construction layout and control.

Delphi
Round 1

Delphi
Round 2

Essential to Very Important Learning Criteria
1
Read and interpret information on civil drawings
(topography, elevations, easements, setbacks, etc.).

M

N

%

N

%

2.75

24

75

22

95.7

2

Review placement of site layout markers for accuracy to
plan & specification requirements (i.e. is the layout correct
per the plans and specifications).

WI

1

3

22

95.7

3

Read and Interpret slope information on civil drawings
(pavements, pipes, landscape, etc.).

2.63

20

63

21

91.3

4

Explain the purpose of the different civil drawings and
common information found on each (grading, paving,
utility, etc.).
Interpret information provided by and explain the purpose
of: benchmarks, elevations, offsets, setbacks, easements,
property lines.
Read and interpret information on site layout markers
(grade stakes, hubs, etc.).

2.56

18

56

21

91.3

2.06

10

31

21

91.3

2.47

15

47

20

87

7

2.33
Identify and explain the purpose of common instruments
used in construction layout and control (builders level, total
station, GPS, grade rod, etc.).

15

45

19

82.6

8

Execute common surveying and layout tasks (set points &
elevations, leveling, squaring building corners, etc.).

2.22

17

52

19

82.6

9

Explain the site layout process for a given project (grading,
building, utilities, paving, etc.).

2.72

23

72

18

78.3

10

Explain roles of responsibilities of various professionals in
site work layout (surveyor, earthwork contractor, paving
contractor, etc.)

2.75

24

75

17

73.9

2.45

17

52

13

56.5

5
6

Moderately Important Learning Criteria
11 Use common survey and layout instruments to layout a
site/building (total station, grade rod, laser level, grade
stakes, etc.).
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Table I11 (continued)

SLO #11 Apply basic surveying techniques for
construction layout and control.
Moderately Important Learning Criteria
12 Explain the purpose of and interpret the information
provided on a legal property survey description (township,
section, range, etc.).
Little to Not Important Learning Criteria
13 Demonstrate ability to execute a topographic survey.

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

2.06

10

31

7

30

1.97

7

22

4

17

Note. Learning criteria for this SLO were evaluated using a three-point likert scale with a
range of 1-3. The criteria for advancing items to round two were: A minimum of 14
learning criteria items, and M ≥ 2.45 by at least 45% of respondents. All learning criteria
for this SLO were advanced to round two because there were only 13 total.
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Table I12
SLO #12 Survey Results from Round 1 and Round 2 Delphi

SLO #12 Understand different methods of project delivery
and the roles and responsibilities of all constituencies
involved in the design and construction process.

Delphi
Round 1

Essential Learning Criteria
M N %
4.17
19 83
1
Identify the different types of project delivery methods (DBB,
DB, CM, IPD)

Delphi
Round 2
N

%

25

96

Identify & Explain the roles, responsibilities, and what to
expect of the: Architect; GC; CM; Structural, Civil, & MEP
Engineers; Specialty Trades; Consultants; and Property
Developer/Client.
Explain advantages and disadvantages for the various project
delivery methods.

3.92 18

78

24

92

3.96 16

70

23

89

4

Explain why a project delivery method might be more
appropriate than another for a given project.

3.87 14

61

23

89

5

3.83 14 61
Explain the intended communication structure between the
parties in each project delivery method.
Explain how the different parties are intended to collaborate in 3.96 17 74
each project delivery method.

22

85

22

85

2

3

6
7

Explain how the delivery process of a project changes based
on the type of project delivery method.

3.91 14

61

22

85

8

Explain differences between the various project delivery
methods.
Identify the major parties involved in each project delivery
method.
Explain the contractual organization of the parties in each
project delivery method.

4.05 15

68

21

81

4.09 18

78

21

81

4.13 17

74

21

81

Very Important Learning Criteria
11 Identify common project delivery methods based on the
project type and/or client type.

4.13 17

74

20

77

12

4.00 19

83

18

70

9
10

Explain typical goals & expectations of the common parties
involved in a project.

Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. All learning criteria
for this SLO were advanced to round two because there were only 12 total.
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Table I13
SLO #13 Survey Results from Round 1 and Round 2 Delphi

SLO #13 Understand construction risk management.

Delphi
Round 1

Delphi
Round 2

Essential Learning Criteria
1
Identify & explain common elements of risk for contractors
(cost, time, quality, safety, etc).

M

N

%

N

%

4.52

20

87

25

96

2

Identify & explain the purpose of performance, and payment
bonding.

4.09

16

73

24

92

3

Identify different types of risk associated with the different
stages of a construction project.

4.17

18

78

24

92

4

Identify & explain common elements of risk for
owners/clients (cost, time, unforeseen conditions,etc.).

4.26

17

74

23

89

4.26

20

87

23

89

4.22

20

87

23

89

3.96

17

Very Important Learning Criteria
5
Explain the role contracts play in defining & assigning
project risks.
6
Explain how risk and risk management can impact a
construction company/project.
7

Identify & explain the different types of insurance required
by contractors.

74

22

85

8

Explain strategies used by contractors for mitigating common 4.22 20 87
elements of risk.

22

85

9
10

Identify tools and techniques used for risk management.
Explain how levels of risk can change based on the project
location.
Explain the role of contingency action plans in risk
management.
Identify & explain common elements of risk for architects,
and engineers (errors/omissions, life safety).

11
12

Moderately Important Learning Criteria
13 Explain the four stages of risk management: assess, analyze,
mitigate, control.

3.87
3.91

15
17

65
74

21
20

81
77

3.91

16

70

18

69

4.00

15

65

15

58

3.87 14 61

n/a

n/a

Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents.
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Table I14
SLO #14 Survey Results from Round 1 and Round 2 Delphi

SLO #14 Understand construction accounting and cost
control.

Delphi
Round 1

Delphi
Round 2

Essential Learning Criteria
1
Explain what a statement/schedule of values is for a project.
2
Explain the role of a change order in a project.
3
Explain the concept of project cost projections.
4
Explain how the billing process commonly works for a
construction project.

M

N

%

N

%

4.57
4.61
4.26
4.39

21
21
19
20

91
91
83
87

24
23
22
21

96.0
92.0
88.0
84.0

5

Summarize the difference between general & administrative
(G&A) vs. job cost overhead.

WI

1

4

21

84.0

6
7
8

Summarize billing processes based on contract requirements. 4.04 17 74
4.61 21 91
Define a change order.
4.35 20 87
Explain how change orders can impact the cost control
process of a project.

20
20
20

80.0
80.0
80.0

9
10

Summarize the process for executing a change order.
Identify & explain the role of persons/positions in a
construction company typically responsible for project
change orders, cost projections, job cost tracking, etc.

19
19

76.0
76.0

18

72.0

17
9

68.0
36.0

4.43
4.22

21
17

91
74

Very Important Learning Criteria
4.26 20 87
11 Explain how cost projections impact the operation of a
company.
12 Explain the role of liens & lien waivers in the billing process. 3.91 16 70
13 Discuss the relationship between the accounting process and 3.78 15 65
project cost control.

Moderately Important Learning Criteria
3.91 13 59
n/a n/a
14 Explain the purpose of a cost control plan for a project.
3.52 13 57
n/a n/a
15 Summarize the type of information provided in a cash flow
statement.
n/a n/a
16 Explain the common cost accounting concepts (expenditures, 3.74 13 57
incurred costs, commitments, cost allocation, activity-based
costing).
Note. WI = Write-in suggestion from participant(s); Learning criteria for this SLO were
evaluated using a five-point likert scale with a range of 1-5. The criteria for advancing
items to round two were: A minimum of 12 learning criteria items, and M ≥ 3.75 by at
least 65% of respondents.
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Table I14 (continued)

SLO #14 Understand construction accounting and cost
control.
Moderately Important Learning Criteria
17 Explain the purpose of a cost control plan for a project.
18 Summarize the type of information provided in a cash flow
statement.
19 Explain the common cost accounting concepts (expenditures,
incurred costs, commitments, cost allocation, activity-based
costing).
20 Explain the role of chart/code of accounts with integrating
project cost control.
21 Summarize types of information found on a company balance
sheet.
22 Explain the difference between costs of leasing vs. buying
equipment.

Delphi
Round 1

Delphi
Round 2

M

N

%

3.91
3.52

13
13

59
57

3.74

13

57

3.70

12

52

3.43

11

48

3.35

10

43

N

Not at All Important Learning Criteria
3.61 13 57
23 Explain how information from a balance sheet, income
statement, and cash flow statement is used for cost control.
3.30 10 43
24 Describe cash and accrual accounting.
Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. Blank cells in the
Round 2 column indicate that those criteria items were not included in Round 2.
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Table I15
SLO #15 Survey Results from Round 1 and Round 2 Delphi

SLO #15 Understand construction quality assurance
and control.
Essential Learning Criteria
1
Identify common construction materials & assemblies that
are tested for quality (concrete, steel, soil, etc.)
2
Explain the purpose and process of the different types of
inspections commonly required in a commercial building
project (compaction, rebar, open ceiling, etc).
3
Explain the role of plans and specifications in quality control.
4
Identify the different types of inspections commonly required
in a commercial building project (compaction, rebar, open
ceiling, etc).

10
11
12
13
14
15
16

Delphi
Round 2

M

N

%

N

%

4.09

18

78

22

85

4.30

20

87

22

85

4.22
4.48

19
21

83
91

21
20

81
77

4.04

18

78

18

69

3.96

17

74

18

69

4.00

17

74

18

69

3.91

16

70

17

65

4.09

18

78

17

65

3.96

16

70

16

62

4.00
3.87

16
16

70
70

16
14

62
54

4.00

17

74

14

54

4.04 18 78
Explain the role of surveying and layout in QA/QC.
Identify the people involved and the coordination process for 3.91 16 70
inspections and testing procedures for QA.
4.13 18 78
Explain the purpose of value engineering in the QA/QC
process.

13
13

50
50

12

46

Very Important Learning Criteria
5
Identify different types of tools & technology used in the
QA/QC process (samples, mockups, testing instruments,
software, etc.
6
Identify testing procedures commonly used in the quality
assurance process (slump, proof roll, bolt torque, etc.).
7
Explain what “industry standard” means and how it applies to
QA/QC.
8
Summarize the fundamental differences between quality
assurance and quality control.
9

Delphi
Round 1

Identify the different types of documents used in the QA/QC
process.
Explain the purpose of testing procedures commonly used in
the quality assurance process.
Explain the process for developing a QA/QC plan.
Explain the role warranties play in defining QA/QC
requirements.
Translate information illustrated in common testing reports
related to soil, concrete, steel, HVAC, etc.
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Table I15 (continued)

SLO #15 Understand construction quality assurance
and control.
Moderately Important Learning Criteria
17 Explain the purpose of common tools, technology, and
documents used in the QA/QC process.
18 Identify the different professionals typically involved in
executing the quality assurance processes.
19 Identify the common types of codes and standards that help
guide QA/QC requirements.
20 Explain the difference between codes and standards.
21
22

Identify the stages of a project’s life-cycle that QA and QC
typically occur.

Delphi
Round 1

Delphi
Round 2

M

N

%

3.87

14

61

3.74

14

61

3.74

14

61

3.83

14

61

3.70

12

52

N

3.70 11 48
Explain the concept of Total Quality Management (TQM).
Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. Blank cells in the
Round 2 column indicate that those criteria items were not included in Round 2.
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Table I16
SLO #16 Survey Results from Round 1 and Round 2 Delphi

SLO #16 Understand construction project control
processes.
Essential Learning Criteria
1
Explain the role of the following tools in project controls:
Schedule Projections, Cost Reports, Labor Productivity,
RFI's, Submittals, Meeting Agenda & Minutes, Daily
Reports, Action Items & Deficiency Logs
2
Identify the different factors associated with construction
project control - schedule, cost, quality, etc.
3
Explain the main project control responsibilities of the
management personnel on a project (PM, Supt. Etc).
4
Identify & explain the documents involved and process for
project closeout.

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

4.51

21

91

25

96.2

4.39

20

87

22

84.6

4.30

20

87

22

84.6

4.04

18

78

22

84.6

5

Identify the types of documents, tools & technology used for
project control processes and explain their purpose.

4.00

18

78

21

80.8

6

Identify & explain the documents and process for
procurement of sub-contractors and materials.
Explain the role of site logistics planning in project controls.

4.43

19

83

21

80.8

4.13

19

83

21

80.8

Very Important Learning Criteria
8
Describe the administration of a construction project
including the basic jobs and roles on a construction site.

4.17

17

74

19

73.1

9
10

4.00
4.04

15
17

65
74

17
17

65.4
65.4

3.87

16

70

16

61.5

4.17

19

83

15

57.7

3.74

15

65

14

53.8

3.96

16

70

13

50.0

7

11
12
13
14

Explain what project control means.
Identify common types of meetings associated with a
construction project and explain their purpose related to
project control processes.
Identify and explain some of the common project controls
responsibilities of a new graduate.
Identify the major elements commonly associated with site
logistics planning.
Identify the personnel that would typically occupy a
construction field office based on a given type & size of
project.
Identify & explain the different stages of project closeout.
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Table I16 (continued)

SLO #16 Understand construction project control
processes.

Delphi
Round 1

Delphi
Round 2

Moderately Important Learning Criteria
M N %
N
Summarize
information
provided
on
common
project
control
15
documents.
3.87 14 61
Describe
the
effects
of
a
diverse
construction
workforce
on
16
leadership and management of a project.
3.61 13 57
17 Summarize the purpose of a construction field office and its
makeup based on a given type & size of project.
3.70 12 52
Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. Blank cells in the
Round 2 column indicate that those criteria items were not included in Round 2.
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Table I17
SLO #17 Survey Results from Round 1 and Round 2 Delphi

SLO #17 Understand the legal implications of contract,
common, and regulatory law to manage a construction
project.
Essential Learning Criteria
1
Summarize key components of a subcontract.
2
3

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

4.50

24

92

21

100

4.23 20 77
Summarize the relationship between the various contract
types, i.e. Owner/Contractor, Sub-contract, Sub Sub-contract.
4.27 22 85
Explain the different types of common contracts (i.e. lump
sum, cost plus, GMAX, etc.)

21

100

19

90.5

4.19
3.92

23
18

88
69

17
18

81.0
85.7

Very Important Learning Criteria
6
Explain common terms specifically associated with AIA
contracts.

3.85

16

62

19

90.5

7

Explain legal rights/obligations of common participants in a
construction project.

3.77

18

69

18

85.7

8

Identify & Explain the different types of common AIA
contracts in construction projects.
Explain the purpose and legal aspects of a Letter of Intent.
Translate information found in common contract types.

3.88

19

73

16

76.2

3.85

18

69

16

76.2

4.08

23

88

15

71.4

Explain the legal requirements to public safety for
construction projects.
Explain front-end documents.

4.08

20

77

13

61.9

3.92

17

65

14

66.7

3.77

16

62

3.62

15

58

3.65

14

54

3.35
3.28

10
9

38
36

4
5

9
10
11
12

Summarize the purpose and legal aspects of submittals.
Summarize the basic components of an AIA contract.

Moderately Important Learning Criteria
13 Identify & Explain the contractual differences between
common delivery formats (i.e. DBB, DB, CMa, CMr, IPD)
14 Explain the requirements of labor laws in a construction
project.
15 Explain the legal relationships of project team members in a
construction project.
16 Explain state requirements for licensure.
17 Explain the requirements of jurisdictions in a construction
project.
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Table I17 (continued)

SLO #17 Understand the legal implications of contract,
common, and regulatory law to manage a construction
project.
Not at All Important Learning Criteria
18 Summarize court cases instrumental in establishing common
construction law precedent.

Delphi
Round 1

Delphi
Round 2

M

N

%

2.62

4

15

N

Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. Blank cells in the
Round 2 column indicate that those criteria items were not included in Round 2.
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Table I18
SLO #18 Survey Results from Round 1 and Round 2 Delphi

SLO #18 Understand the basic principles of
sustainable construction.

Delphi
Round 1

Delphi
Round 2

Essential Learning Criteria
1
Explain the meaning of sustainable construction.
2
Explain the purpose of LEED to sustainable construction.

M

N

%

N

%

3.62

12

46

20

95.2

3.42

13

50

20

95.2

3

3.50

10

38

18

85.7

3.35

11

42

18

85.7

3.35

9

35

18

85.7

3.38

12

46

17

81

Very Important Learning Criteria
7
Summarize the elements of the LEED scorecard for building
certification.

3.35

11

42

17

81

8

Identify & Explain the different elements of high
performance buildings.

3.27

11

42

17

81

9

Explain the meaning, purpose, and ethical concepts of
sustainable development.
Identify and Explain the requirements of LEED in sustainable
construction.
Summarize design and construction approaches that
minimize environmental impact.
Summarize the impacts of construction activities on the
environment.

3.31

11

42

17

81

3.35

11

42

16

76.2

3.31

11

42

13

61.9

3.27

10

38

14

66.7

3.12
3.15

9
9

35
35

3.19

8

31

3.08

8

31

4
5
6

10
11
12

Explain the management requirements of the LEED
certification process.
Summarize common attributes of sustainable construction
materials and methods.
Identify & Explain the different levels of LEED project
certification.
Identify and Explain techniques/strategies to minimize the
negative effects of construction activities on the environment.

Moderately Important Learning Criteria
13 Explain life-cycle analysis of building materials.
14 Identify & Explain common regulation bodies associated
with sustainable built environments (LEED, BREEAM,
Energy Star, etc.)
15 Identify & Explain the different types of LEED credentials
and their respective requirements.
16 Explain common passive building system strategies for
sustainable construction.
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Table I18 (continued)

SLO #18 Understand the basic principles of
sustainable construction.
Moderately Important Learning Criteria
17 Explain common active building system strategies for
sustainable construction.
18 Summarize the purpose of building energy modeling.
19 Summarize the concept of "whole life-cycle thinking".
20 Identify and Explain attributes of sustainable development.

Delphi
Round 1

Delphi
Round 2

M

N

%

3.19

8

31

3.04
2.92
3.04

8
8
7

31
31
27

N

Not at All Important Learning Criteria
2.62 4 15
21 Explain how climate change plays a role in sustainable
construction.
Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. Blank cells in the
Round 2 column indicate that those criteria items were not included in Round 2.

305

%

Table I19
SLO #19 Survey Results from Round 1 and Round 2 Delphi

SLO #19 Understand the basic principles of
structural behavior.
Essential Learning Criteria
1
Summarize strengths/weaknesses of different foundation
types.

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

3.92

20

77

21

100

2

Summarize the difference between live loads and dead loads. 3.96 19 73

21

100

3

4.23 23 88
Identify the major structural components of buildings and
explain their purpose in the support of the building.
Summarize strengths/weaknesses of using concrete or steel as 3.85 18 69
horizontal and vertical structural applications.

21

100

20

95.2

4
5

Explain the structural makeup of common building materials
(steel, concrete, wood).

85

18

85.7

6

Summarize the concepts of tension and compression strength. 3.77 17 65

18

85.7

7

Identify common building elements governed by code
requirements for structural loading (bearing capacity, roof
loading, wind loads, etc).
Summarize the difference between soil stability and
compressive strength.
Summarize the load carrying capabilities of common
materials (steel, wood, concrete, etc.).
Summarize the purpose & procedures for testing structural
building systems.
Explain how soil capacity plays a role in the structural design
of horizontal and vertical building systems.

8
9
10
11

Very Important Learning Criteria
12 Summarize the concept of load transfer.

4.23

22

3.77

17

65

17

81

3.69

15

58

17

81

3.81

17

65

16

76.2

4.04

20

77

15

71.4

3.81

18

69

15

71.4

3.65

15

58

14

66.7

Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents.
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Table I20
SLO #20 Survey Results from Round 1 and Round 2 Delphi

SLO #20 Understand the basic principles of mechanical,
electrical, and piping systems.
Essential Learning Criteria
1
Summarize how coordination plays a critical role in the
successful application & installation of MEPFP systems.
2
Summarize common coordination concerns associated with
MEPFP systems.
3
Explain the coordination review process for the design and
installation of common MEPFP systems.
4
Explain the purpose of MEPFP systems in the operation of a
building.
5
6
7
8
9

Delphi
Round 1

Delphi
Round 2

M

N

%

N

%

4.42

25

96

20

95.2

4.27

20

77

19

90.5

4.00

18

69

19

90.5

4.08

21

81

18

85.7

Identify common types of mechanical, electrical, plumbing,
& fire protection systems.
Explain the purpose of the major elements of common
MEPFP systems.

4.19

21

81

17

81

4.08

22

85

17

81

Generally explain the installation sequence/process for each
MEPFP system.
Identify the positioning of basic MEPFP system elements in
relation to each other and the overall system.

4.00

21

81

16

76.2

3.96

21

81

16

76.2

Generally explain the impact MEPFP systems have on the
cost and schedule of a building project.

4.28

23

92

15

71.4

4.00

20

77

14

66.7

3.77

17

65

10

47.6

3.88

19

73

10

47.6

3.81

17

65

10

47.6

3.77

18

69

12

57.1

3.88

19

73

9

42.9

Very Important Learning Criteria
10 Identify basic elements associated with common MEPFP
systems.
11 Summarize the process involved in the design, fabrication,
and installation of MEPFP systems.
12 Identify and explain common life safety
concerns/requirements associated MEPFP systems.
13 Summarize common safety concerns associated with the
installation of MEPFP systems.
14 Summarize common practices associated with the project
closeout/commissioning phase of MEPFP systems.
15 Identify common project quality concerns associated with the
design & installation of MEPFP systems.
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Table I20 (continued)

SLO #20 Understand the basic principles of mechanical,
electrical, and piping systems.
Moderately Important Learning Criteria
16 Summarize implications associated with the application of
common MEPFP systems.
17 Identify and explain the roles and responsibilities of the
professionals associated with the design and installation of
MEPFP systems.
18 Identify common documents used to convey design and
construction details of MEPFP systems.
19 Translate information found in common documents used in
the design and construction of MEPFP systems.

Delphi
Round 1

Delphi
Round 2

M

N

%

3.73

16

62

3.69

16

62

3.77

16

62

3.81

16

62

20

Explain the purpose of common documents used in the
design and construction of MEPFP systems.

3.69

15

58

21

Summarize code/compliance regulations associated with the
design and construction of MEPFP systems.

3.42

11

42

22

N

Explain basic engineering principles associated with MEPFP 3.35 9 35
systems (air/fluid mechanics, voltage, wattage, etc.)
Note. Learning criteria for this SLO were evaluated using a five-point likert scale with a
range of 1-5. The criteria for advancing items to round two were: A minimum of 12
learning criteria items, and M ≥ 3.75 by at least 65% of respondents. Blank cells in the
Round 2 column indicate that those criteria items were not included in Round 2.
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APPENDIX J
DATA RESULTS OF SLO AND ASSESSMENT MAPPING THROUGH
CURRICULUM
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Figure J1.
BCS Courses identified as part of ACCE construction group. These are the
courses identified in the “self-study” document submitted by the BCS Program to ACCE
for accreditation consideration.
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Figure J2.
Mapping of ACCE SLOs to BCS required courses. The map illustrates
where and to what extent the 20 ACCE SLOs have been included in the courses
identified in section 3.1.4 of the ACCE Self Study document as required to demonstrate
the SLOs. Red highlights indicate areas of potential weakness in inclusion, yellow
indicates areas of potential overlap, and white indicates potential balance of inclusion.
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